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(57) ABSTRACT 
Disclosed is an image authentication apparatus that obtains 
registered images (R) by capturing images of people, and 
image-capturing conditions pertaining to the faces of the 
people in the registered images (R) registered in association 
with each other in a registered image database. The apparatus 
has a face-information data estimation unit for estimating 
face-information data of an inputted image (A1); a weighting 
determination unit for determining weighting in accordance 
with the similarities between face-information data of regis 
tered images (R) and the face-information data of the inputted 
image (A1); an authentication score calculation unit for cal 
culating authentication scores between the inputted image 
(A1) and the registered images (R); a weighted authentica 
tion-score calculation unit for applying, to the authentication 
scores, weighting determined for the corresponding regis 
tered images (R); and an authentication result output unit for 
Verifying the inputted image (A1) on the basis of the weighted 
authentication scores. 
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Fig. 3 
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Fig. 4 
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Fig. 7 
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Fig. 9 
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Fig.11 
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Fig. 12 
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Fig. 15 
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Fig. 17 
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Fig. 21 
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Fig. 23 

Start of processing of selecting registered 
images by the number of selections using 

face information data 

S5- S151A 
Compare face information data between registered 
image of reference registered person information and 

registered image of another piece of registered 
person information in each item 

S52A 

Perform ranking in each item 

S53A 

Select registered image according to 
ranking of each item 

Sf 54 

Store Selection information 

End of processing of selecting registered 
images by the number of selections using 

face information data 

  

  

  

  

  



US 2013/0329.970 A1 Dec. 12, 2013 Sheet 24 of 24 Patent Application Publication 

see 16ep 

see 16ep 

?? 

  



US 2013/0329.970 A1 

IMAGE AUTHENTICATION APPARATUS, 
IMAGE PROCESSING SYSTEM, CONTROL 
PROGRAM FOR IMAGE AUTHENTCATION 
APPARATUS, COMPUTER-READABLE 
RECORDING MEDIUM, AND IMAGE 

AUTHENTICATION METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATION(S) 

0001. This application claims the benefit of priority from 
Japanese Patent Application No. 2010-284576, filed 21 Dec. 
2010, and International Application No. PCT/JP2011/ 
056616, filed 18 Mar. 2011 and designating the United States, 
the entire contents of which is incorporated herein by refer 
ence for all purposes. 

BACKGROUND 

0002 The present invention relates to an image authenti 
cation apparatus that authenticates an image in which an 
object is photographed by checking the image in an image 
database, an image processing system, a control program for 
image authentication apparatus, a computer-readable record 
ing medium, and an image authentication method. 
0003 Conventionally, in a well-known face authentica 
tion technology, an image in which a face of a person is 
photographed is previously registered in a database and, in 
inputting an image to be authenticated in which a face of a 
person is photographed, the inputted image is compared to a 
registered content of the database to identify the person. 
0004. The authentication processing in the face authenti 
cation technology is more specifically described as follows. 
During the registration, a feature quantity indicating a feature 
of the face of the person is extracted from the image in which 
the face of the person is photographed, and the feature quan 
tity is registered. During the authentication, the feature quan 
tity is extracted from the inputted image. The feature quantity 
extracted from the inputted image is compared to the feature 
quantity registered in the database. 
0005. In the field of the face authentication technology, 
there is a demand to reduce false recognition as much as 
possible to improve authentication accuracy. Therefore, Vari 
ous technologies have been proposed. 
0006 For example, in a technology proposed in Patent 
Document 1 (Japanese Unexamined Patent Publication No. 
2008-129830 (Publication date: Jun. 5, 2008), a plurality of 
images are registered in time series, and a weight coefficient 
is calculated based on a photographing time difference 
between the oldest registered image and other registered 
images. That is, in the technology of Patent Document 1, 
weighting of the latest registered image is increased while 
weighting of the older registered image is decreased. 
Weighted mean is performed to the feature quantities of the 
registered images based on the coefficients, the feature quan 
tity of the registered image relatively recently registered is 
emphasized in the authentication. 
0007 For example, Patent Document 2 (Japanese Unex 
amined Patent Publication No. 2009-64173 (Publication 
date: Mar. 26, 2009) proposes a technology of performing the 
weighting based on a physical feature or an feature of a 
registered person. Specifically, Patent Document 2 describes 
the weighting based on height data and existence or non 
existence of glasses of registered person. 
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0008. However, when the compared images differ from 
each other in a photographing condition, there is a risk of 
falsely recognizing the image in which the person in question 
is photographed as the image of a stranger. Additionally, 
when the compared images are identical to each other in the 
photographing condition, there is a risk of falsely recognizing 
the image in which the Stranger is photographed as the image 
of the person in question. 
0009. During the authentication, in addition to the height, 
there are many kinds of feature quantities that can be used as 
the comparison target. Sometimes a plurality of images are 
registered with respect to a certain person. 
0010. These points cannot be considered in the conven 
tional technology. Specifically, there are following problems. 
0011. In Patent Document 1, because the weighted mean is 
performed using the time information, differences of an 
expression and a facial orientation are considered, which 
results in the risk of the false recognition. For example, there 
is a fear of falsely recognizing the latest image of a certain 
person with Smile as the image of the stranger photographed 
with Smile. 

0012. In Patent Document 2, the weighting is not per 
formed to the plurality of registered images of one registered 
person. In the case that the plurality of registered images are 
registered with respect to one registered person, it is conceiv 
able that the differences of the exterior and environment and 
unlikeness of the expression exist in the photographed regis 
tered person. However, Patent Document 2 does not propose 
any technique of dealing with the differences of the exterior 
and environment and the unlikeness of the expression. 
0013 The present invention has been devised to solve the 
problems described above, and an object thereof is to con 
struct an image authentication apparatus that can accurately 
perform authentication even if the registered images differ 
from each other in the photographing condition in the case 
that the plurality of images are registered with respect to the 
registered person. 

SUMMARY 

0014. According to at least an embodiment of the inven 
tion, there is an image authentication apparatus for authenti 
cating an object photographed in an inputted image by check 
ing the inputted image in a registered image database, 
registered image obtained by photographing the object and a 
photographing condition relating to the object of the regis 
tered image being registered in the registered image database 
while correlated with each other, the image authentication 
apparatus includes: 
an inputted image photographing condition acquisition unit 
configured to acquire a photographing condition relating to 
the object of the inputted image; a registered image photo 
graphing condition acquisition unit configured to acquire the 
photographing condition of the registered image stored in the 
registered image database; a weighting determination unit 
configured to determine weighting corresponding to close 
ness between the photographing condition of the registered 
image and the photographing condition of the inputted image: 
a similarity calculation unit configured to calculate a degree 
of similarity between the inputted image and the registered 
image; a weighting application unit configured to apply the 
degree of similarity calculated by the similarity calculation 
unit to the weighting determined with respect to the corre 
sponding registered image; and an image authentication unit 
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configured to check the inputted image based on the degree of 
similarity to which the weighting is applied. 
0015. Other objects, features, and advantageous points of 
the present invention will be sufficiently apparent from the 
following description. The advantages of the present inven 
tion will be apparent from the following description taken in 
connection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 is a functional block diagram illustrating a 
schematic configuration of face authentication apparatus 
according to one embodiment of the present invention. 
0017 FIG. 2 is a view illustrating a data structure of reg 
istered-people information 
0018 FIG.3 is a flowchart illustrating a flow of face image 
registration processing in the face authentication apparatus. 
0019 FIG. 4 is a flowchart illustrating a flow of face image 
authentication processing in the face authentication appara 
tuS. 
0020 FIG. 5 is a view illustrating a working example of 
authentication in which a weighted authentication score is 
used. 
0021 FIG. 6 is a functional block diagram illustrating 
each functional unit included in a weighting determination 
unit. 
0022 FIG. 7 is a flowchart illustrating a flow of weighting 
determination processing of each registered image in the face 
authentication apparatus. 
0023 FIG. 8 is a view illustrating a working example of 
the weighting determination processing of each registered 
image. 
0024 FIG.9 is a flowchart illustrating another example of 
the flow of the weighting determination processing of each 
registered image in the weighting determination unit. 
0025 FIG. 10 is a functional block diagram illustrating a 
schematic configuration of a face authentication apparatus 
according to another embodiment of the present invention. 
0026 FIG. 11 is a flowchart illustrating a flow of the face 
image registration processing in the face authentication appa 
ratuS. 

0027 FIG. 12 is a flowchart illustrating a flow of the face 
image authentication processing in the face authentication 
apparatus. 
0028 FIG. 13 is a view illustrating a working example of 
the face image registration processing and face image authen 
tication processing in the face authentication apparatus. 
0029 FIG. 14 is a functional block diagram illustrating a 
configuration example of a registered image selection unit. 
0030 FIG. 15 is a flowchart illustrating a detail of “pro 
cessing of selecting the registered image using face-informa 
tion data'. 
0031 FIG. 16 is a view illustrating a working example of 
the “processing of selecting the registered image using the 
face-information data' of the configuration example. 
0032 FIG. 17 is a functional block diagram illustrating 
another configuration example of the registered image selec 
tion unit. 
0033 FIG. 18 is a functional block diagram illustrating a 
schematic configuration of a face authentication apparatus 
according to still another embodiment of the present inven 
tion. 
0034 FIG. 19 is a functional block diagram illustrating a 
detailed configuration example of a registered image selec 
tion unit. 
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0035 FIG. 20 is a flowchart illustrating a flow of face 
image registration processing in the face authentication appa 
ratuS. 

0036 FIG. 21 is a flowchart illustrating a detail of “pro 
cessing of selecting the registered images by the number of 
selections using the face-information data'. 
0037 FIG. 22 is a view illustrating a working example of 
the face image registration processing and face image authen 
tication processing in the face authentication apparatus. 
0038 FIG. 23 is a flowchart illustrating a detail of the 
“processing of selecting the registered images by the number 
of selections using the face-information data'. 
0039 FIG. 24 is a view illustrating a working example of 
the “processing of selecting the registered images by the 
number of selections using the face-information data'. 

DETAILED DESCRIPTION OF THE DRAWINGS 

0040. A face authentication apparatus according to one 
embodiment of the present invention will be described with 
reference to FIGS. 1 to 9. 

0041 As illustrated in FIG. 1, face authentication system 
(an image processing system) 100 includes a face authenti 
cation apparatus (an authentication apparatus) 1 and an image 
input apparatus 5. 
0042. The face authentication apparatus (the image 
authentication apparatus) 1 is an apparatus that authenticates 
an image input from the image input apparatus 5. Authenti 
cation processing in the face authentication apparatus 1 
includes two procedures of “face image registration process 
ing” and “face image authentication processing. First, in the 
“face image registration processing, the image used in the 
authentication is registered in the face authentication appara 
tuS 1. Then, in the “face image authentication processing, the 
authentication is performed by checking the inputted image 
against the registered image. 
0043. As used herein, for example, the term of “authenti 
cation” means processing of specifying a person by checking 
a face of a person photographed in the inputted image against 
a face of a person photographed in one of registered images. 
0044. The image input apparatus 5 is an apparatus that 
inputs a photographed image in which the face of the person 
is photographed to the face authentication apparatus 1. For 
example, the image input apparatus 5 may be constructed by 
a digital camera that generates the image by photographing 
the face of the person that is of a subject. 
0045. Hereinafter, it is assumed that the face of the person 

is photographed in the photographed image. However, the 
photographing Subject is not limited to the face of the person. 
That is, the target subject may arbitrarily be selected. Here 
inafter, as needed basis, the photographed image input to the 
face authentication apparatus 1 for the purpose of the regis 
tration in the “face image registration processing is referred 
to as a "registration target image A2, and the photographed 
image input to the face authentication apparatus 1 for the 
purpose of an authentication target in the “face image authen 
tication processing is referred to as an "inputted image A1 
in distinction from the “registration target image A2. The 
"inputted image A1 and the “registration target image A2 
are simply referred to as the “photographed image unless 
otherwise distinguished. 
0046 (Face Authentication Apparatus) 
0047 Various configurations of the face authentication 
apparatus 1 will be described below with reference to FIG.1. 
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As illustrated in FIG. 1, the face authentication apparatus 1 
includes an operation unit 11, a display unit 12, a storage unit 
20, and a control unit 30. 
0048. The operation unit 11 receives various inputs from a 
user, and is constructed by an input button, a keyboard, a 
numerical keypad, a pointing device Such as a mouse, a touch 
panel, and other input devices. The operation unit 11 gener 
ates operation data according to a received user's operation, 
and transmits the generated operation data to the control unit 
3O. 

0049. The display unit 12 performs screen display in order 
to provide information to the user. The display unit 12 dis 
plays various pieces of information Such as characters and the 
image on a display screen based on a screen data received 
from the control unit 30. The display unit 12 is constructed by 
a display device Such as an LCD (Liquid Crystal Display), a 
PDP (Plasma Display Panel), an EL (Electroluminescence) 
display. 
0050. Various pieces of data and programs are stored in 
storage unit 20. Examples of a configuration of the storage 
unit 20 include a nonvolatile storage device Such as a hard 
disk, a ROM (Read Only Memory) that is of a read-only 
semiconductor memory in which a program used to operate 
the control unit 30 a fixed data used in various kinds of control 
is stored, a RAM (Random Access Memory) that is of what is 
called a working memory in which data used in calculation 
and calculation result are temporarily stored, a rewritable 
nonvolatile memory (for example, a flash memory) in which 
various pieces of setting data stored. The detailed storage unit 
20 is described later. 

0051. The control unit 30 wholly controls various func 
tions in the face authentication apparatus 1. A control func 
tion of the control unit 30 is implemented in a manner such 
that a processing device such as a CPU (Central Processing 
Unit) executes a control program. For example, the control 
program may be stored in the storage unit 20 that is of a 
storage element such as a RAM and a flash memory, or the 
control program installed in a hard disk or the like may be 
read and used. The detailed control unit 30 is described later. 

0052 (Detailed Storage Unit) 
0053. The detailed storage unit 20 will be described below 
with reference to FIGS. 1 and 2. As illustrated in FIG. 1, the 
storage unit 20 includes a registered image database 21 and a 
weighting data storage unit 22. 
0054 The image used in the authentication is registered in 
the registered image database 21 on a person-by-person basis. 
A specific registration content of the registered image data 
base 21 is illustrated as follows. 

0055 As illustrated in FIG. 1, a plurality of pieces of 
registered-people information P are registered in the regis 
tered image database 21. 
0056. The detailed registered-people information P will be 
described below with reference to FIG. 2. FIG. 2 is a view 
illustrating an example of a data structure of the registered 
people information P. 
0057. As illustrated in FIG. 2, by way of example, the 
registered-people information P may be identified while a 
name (ID) of the registered person is added thereto. A plural 
ity of registered images R are registered in the registered 
people information P. 
0058. The registered image R includes the image used in 
the authentication and related information thereof. Specifi 
cally, the registered image has the data structure including the 
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photographed image, face feature data, and face-information 
data. The registered image R is identified with identification 
information. 
0059 A registration target image A2 is stored in the pho 
tographed image. Additionally an image, such as a thumbnail, 
in which the image A2 is processed, may be stored in the 
photographed image. For example, the registration target 
image A2, to which image processing Such as filterprocessing 
is performed, may be stored in the photographed image. The 
photographed image may be eliminated from the data struc 
ture of the registered-people information P. 
0060 A feature quantity indicating a feature of the face of 
the person included in the photographed image is stored in the 
face feature data. In the feature quantity, a region that is 
recognized as the whole face, an eye, a nose, or a in the face 
of the person included in the photographed image is quanti 
fied. Examples of the feature quantity include luminance 
information, frequency characteristic information, and infor 
mation in which a shape, a position, and a size of each region 
are digitized. 
0061. A state of the face of the person in taking the pho 
tographed image and various pieces of information indicating 
an environment and the photographing condition are included 
as an item in the face-information data. That is, the pieces of 
information indicating the photographing condition and the 
like, which may be acquired by analyzing the face of the 
person included in the photographed image, are included as 
the item in the face-information data. Specifically, as illus 
trated in FIG. 2, a “facial orientation” and a “facial expres 
sion” may be cited as an example of the item of the face 
information data. Although not illustrated in FIG. 2, a “smile 
intensity', a “lighting condition', and an "oblique light 
angle' may also be cited as the item of the face-orientation 
data. 
0062 For example, a value that may be set to the face 
information data is a continuous value having predetermined 
accuracy or a classification indicating which one of the cat 
egorized conditions the face information belongs to. 
0063. In the case that the item is the “facial orientation', 
the continuous value and the classification are exemplified as 
follows. 
0064. An angle of the facial orientation may be cited as an 
example of the continuous value. In this case, the angle may 
be an integral value. For example, the angle of 0 degree 
expresses the facial orientation when the face is straightfor 
wardly photographed, the angle of 90 degrees expresses the 
facial orientation when the face is photographed from the left 
side Surface, and the angle of -90 degrees expresses the facial 
orientation when the face is photographed from the right side 
Surface. That is, the sign expresses the orientation, the value 
without the sign (or the positive sign) expresses left, and 
negative sign expresses right. In this case, for example, the 
angle may take the value Such as "0 degree, 1 degree, 2 
degrees. . . . . 
0065. Thus, in the case that the integral value of the angle 

is used as the photographing condition, actually the integral 
value may be set with accuracy of “each 15 degrees”, or take 
discrete values such as “0 degree, 15 degrees, 30 degrees, ... 
''. Alternatively, the angle may have the accuracy of the num 
ber of decimal places. 
0066. The rough orientation of the face may be cited as an 
example of the classification. The rough orientation of the 
face means the classification indicating the front view, the 
view facing right, or the view facing left. In this case, for 
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example, the front view expresses the facial orientation in the 
range of “-45 degrees to +45 degrees”, the view facing the 
right expresses the facial orientation in the range of “-135 
degrees to -45 degrees”, and the view facing the left 
expresses the facial orientation in the range of '45 degrees to 
135 degrees”. 
0067. The “facial orientation' may express not only right 
and left but also up and down. For example, the “facial ori 
entation” may be implemented by data expression of two sets 
in which a first element expresses right and left while a second 
element expresses up and down. Specifically, the data expres 
sion is (0.10). 
0068. In the case that the item is the “facial expression', 
the continuous value and the classification are exemplified as 
follows. A numerical value indicating a degree of smiling face 
may be cited as an example of the continuous value. That is, 
the numerical value takes a small value for the expressionless 
face, and takes a large value as the face changes from a Smile 
to the smiling face. Hereinafter the numerical value is also 
referred to as the “smile intensity'. As to the classification, the 
Smile intensity is divided by a predetermined range into divi 
sions, and “expressionless”, “smile”, and “smiling face' are 
allocated to the divisions. 

0069. In the case that the item is the “lighting condition', 
the continuous value and the classification are exemplified as 
follows. An angle of a light incident direction may be cited as 
an example of the continuous value. A continuous value indi 
cating a degree of lighting may be cited as an example of the 
continuous value (hereinafter, particularly the degree of light 
ing is also referred to as the "oblique light angle'). The rough 
orientation of the light incident direction may be cited as an 
example of the classification. The light incident direction is 
similar to the “facial orientation', the description is omitted. 
0070 Various pieces of information such as an “age', a 
"sex’, and an “eye opening way may also be used as the item. 
(0071 (Detailed Control Unit) 
0072. The detailed control unit 30 will be described below 
with reference to FIG.1. As illustrated in FIG. 1, the control 
unit 30 includes an image acquisition unit 31, a face feature 
data extraction unit 32, a face-information data estimation 
unit (the inputted image photographing condition acquisition 
means and the registered image photographing condition 
acquisition means) 33, a weighting determination unit (the 
weighting determination means)34, an authentication score 
calculation unit (the similarity calculation means) 35, a 
weighted authentication-score calculation unit (the weight 
ing application means)36, and an authentication result output 
unit (the image authentication means)37. 
0073. Each unit included in the control unit 30 performs 
the “face image registration processing and the “face image 
authentication processing, which are included in the authen 
tication processing in the face authentication apparatus 1. 
0074 The “face image registration processing is per 
formed by the image acquisition unit 31, the face feature data 
extraction unit 32, and the face-information data estimation 
unit 33. 

0075. The “face image authentication processing is per 
formed by the image acquisition unit 31, the face feature data 
extraction unit 32, the face-information data estimation unit 
33, the weighting determination unit 34, the authentication 
score calculation unit 35, the weighted authentication-score 
calculation unit 36, and the authentication result output unit 
37. 
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0076. In FIG. 1, a broken-line arrow connecting the units 
indicates a flow of the data, control, or the like in the “face 
image registration processing, and a solid-line arrow con 
necting the units indicates a flow of the data, control, or the 
like in the “face image authentication processing. 
0077. Each unit included in the control unit 30 will be 
described below. 
0078. The image acquisition unit 31 acquires the photo 
graphed image from the image input apparatus 5 in response 
to the input operation of the operation unit 11. The image 
acquisition unit 31 transfers the acquired photographed 
image to the face feature data extraction unit 32. In the “face 
image registration processing, the image acquisition unit 31 
acquires the name (ID) input from the operation unit 11, and 
registers the registration target image A2 as the registered 
image R of the registered-people information P on the 
acquired name (ID) in the registered image database 21, and 
transfers the registration target image A2 to the face feature 
data extraction unit 32. 
007.9 The image acquisition unit 31 registers the regis 
tered image R of the registration target in the registered image 
database 21 while allocating the identification information to 
the registered image R. The image acquisition unit 31 may 
automatically generate the identification information to allo 
cate the identification information to the registered image R. 
or allocate the identification information to the registered 
image R by acquiring the identification information input 
from the operation unit 11. 
0080. In the case that the person photographed in the reg 
istration target image A2 is already registered in the registered 
image database 21, the authentication processing may be 
performed to automatically specify the registered person 
based on the registered image registered in the registered 
image database 21. In the “face image authentication process 
ing, the image acquisition unit 31 transfers an inputted 
image A1 to the face feature data extraction unit 32. 
0081. The face feature data extraction unit 32 extracts face 
feature data that is of the feature quantity of each region of the 
face by analyzing the face of the person included in the 
photographed image. In the “face image registration process 
ing, the face feature data extraction unit 32 stores the face 
feature data extracted from the registration target image A2 in 
the face feature data of the registered image R of the regis 
tration target, and transfers the registration target image A2 to 
the face-information data estimation unit 33. 
I0082 In the “face image authentication processing, the 
face feature data extraction unit 32 transfers the inputted 
image A1 to the face-information data estimation unit 33, and 
transmits the face feature data extracted from the inputted 
image A1 to the authentication score calculation unit 35. 
0083. The face-information data estimation unit 33 ana 
lyzes the photographed image to estimate various states Such 
as a face state during the photographing, and generates face 
information data indicating estimated various states. There is 
no particular limitation to the technique in which the face 
information data estimation unit 33 estimates various states, 
but any well-known technology may be adopted. 
I0084. In the “face image registration processing, the 
face-information data estimation unit 33 stores the face-in 
formation data generated from the registration target image 
A2 in the face-information data of the registered image R of 
the registration target. 
I0085. In the “face image authentication processing, the 
face-information data estimation unit 33 transmits the face 
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information data generated from the inputted image A1 to the 
weighting determination unit 34, and transfers the control to 
the authentication score calculation unit 35. 
I0086. The weighting determination unit 34 determines a 
weight with respect to an authentication score calculated by 
the authentication score calculation unit 35. The weighting 
determination unit 34 stores the identification information on 
the registered image and the corresponding weight in the 
weighting data storage unit 22 while correlating the identifi 
cation information on the registered image and the corre 
sponding weight with each other. A weight determination 
technique of the weighting determination unit 34 is described 
in detail later. 
0087. The authentication score calculation unit 35 per 
forms matching between inputted image and the registered 
image to calculate the authentication score indicating a 
degree of approximation between the inputted image and the 
registered image. Specifically, the authentication score cal 
culation unit 35 calculates the authentication score by com 
paring the face feature data of the inputted image to each of 
the pieces of face feature data of the plurality of registered 
images registered with respect to each person. There is no 
particular limitation to the authentication score calculation 
method, but any well-known technology may be adopted. 
0088. The weighted authentication score calculation unit 
36 calculates a weighted authentication score in which the 
weight determined by the weighting determination unit 34 is 
applied to each authentication score calculated by the authen 
tication score calculation unit 35. That is, the weighted 
authentication score calculation unit 36 reads the weight 
determined by the weighting determination unit 34 from the 
weighting data storage unit 22, and the weighted authentica 
tion score calculation unit 36 calculates the weighted authen 
tication score by applying the weight to each authentication 
score calculated by the authentication score calculation unit 
35. 
0089. By way of example, the weighted authentication 
score calculation unit 36 calculates the weighted authentica 
tion score to which the weighted mean is performed to the 
authentication scores. A detailed process of calculating the 
weighted authentication score is described later. 
0090 The authentication result output unit 37 authenti 
cates the inputted image based on the weighted authentication 
score calculated by the weighted authentication score calcu 
lation unit 36, and outputs an authentication result to the 
display unit 12. The authentication result output unit 37 may 
output the name of the specified person as the authentication 
result, or output the typical photographed image together with 
the name. 
0091 (Flow of Face Image Registration Processing) 
0092. A flow of the face image registration processing of 
registering the photographed image in which a face of a 
certain person is photographed as the registration target 
image will be described below with reference to FIG. 3. FIG. 
3 is a flowchart illustrating the flow of the face image regis 
tration processing in the face authentication apparatus 1. 
0093. As illustrated in FIG. 3, in the face image registra 
tion processing, the image acquisition unit 31 of the face 
authentication apparatus 1 acquires the registration target 
image A2 from the image input apparatus 5 (S10). In the face 
authentication apparatus 1, the registration target image A2 
acquired by the image acquisition unit 31 is registered as the 
registered image R of the registered-people information P in 
the registered image database 21. By way of example, the 
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image acquisition unit 31 acquires the name (ID) of the reg 
istered-people information P from the input of the operation 
unit 11. The image acquisition unit 31 automatically gener 
ates the identification information on the registered image. 
0094. Then the face feature data extraction unit 32 ana 
lyzes the registration target image A2 to extract feature data 
relating to the face of the person included in the registration 
target image A2, and registers the feature data in the regis 
tered image database 21. That is, the face feature data extrac 
tion unit 32 stores the extracted feature data in the registered 
image R (S11). 
0.095 The face-information data estimation unit 33 stores 
the face-information data generated from the analysis result 
of the registration target image A2 in the registered image R 
(S12). Therefore, the face image registration processing is 
ended. 
0096 (Flow of Face Image Authentication Processing) 
0097. A flow of the face image authentication processing 
of authenticating the photographed image in which a face of 
a certain person is photographed as the inputted image will be 
described below with reference to FIG. 4. FIG. 4 is a flow 
chart illustrating the flow of the face image authentication 
processing in the face authentication apparatus 1. 
0098. As illustrated in FIG. 4, in the face image authenti 
cation processing, when the image acquisition unit 31 
acquires the inputted image A1 input from the image input 
apparatus 5 (S20), the inputted image A1 is transferred to the 
face feature data extraction unit 32. 
I0099. The face feature data extraction unit 32 analyzes the 
inputted image A1 to extract the face feature data from the 
inputted image A1 (S21). 
0100. The face-information data estimation unit 33 ana 
lyzes the inputted image A1, and generates the face-informa 
tion data from an analysis result (S22). 
0101 The weighting determination unit 34 determines the 
weight in each registered image based on the face-informa 
tion data generated from the result of the inputted image A1 
and the face-information data of the registered image (S23). 
The “weight determination processing in each registered 
image' Step S23 is described in detail later. 
0102 The authentication score calculation unit 35 calcu 
lates the authentication score in each registered image by 
comparing the face feature data of the inputted image and the 
face feature data of the registered image (S24). 
0103) The weighted authentication score calculation unit 
36 calculates the weighted authentication score in which the 
weight determined in each registered image is applied to the 
authentication score calculated in each registered image 
(S25). 
0104. The authentication result output unit 37 authenti 
cates the inputted image A1 using the weighted authentica 
tion score, and outputs the authentication result to the display 
unit 12 (S26). Therefore, the face image authentication pro 
cessing is ended. 
0105 (Working Example) 
0106 A working example of the authentication in which 
the weighted authentication score is used will be described 
below with reference to FIG. 5. In the working example, how 
the face image authentication processing is performed under 
the following precondition will be described along the flow 
chart in FIG. 4. 
0107. A registered-people information P1 and a regis 
tered-people information P2 are registered in the registered 
image database 21. The face-information data of the regis 
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tered image, which is registered with respect to the registered 
information P1 and the registered-people information P2, 
includes items of a "lighting condition' and a “facial orien 
tation'. The classification is used in the setting value of the 
item. 

0108. The registered-people information P1 is the regis 
tration about “Mr./Ms. A', and “Mr./Ms. A has a slightly 
long face. A registered image R11 and a registered image R12 
are registered with respect to the registered-people informa 
tion P1. “Homogeneous light' and the “front view” are set to 
the “lighting condition' and the “facial orientation of the 
registered image R11, respectively. The “oblique light' and 
the “front view” are set to the “lighting condition' and the 
“facial orientation' of the registered image R12, respectively. 
0109 The registered-people information P2 is the regis 
tration about “Mr./Ms. B', and “Mr./Ms. B’ has a round face 
compared with “Mr./Ms. A. A registered image R21 and a 
registered image R22 are registered with respect to the regis 
tered-people information P2. The “homogeneous light' and 
the “front view” are set to the “lighting condition' and the 
“facial orientation' of the registered image R21, respectively. 
The “oblique light' and the “front view” are set to the “light 
ing condition' and the “facial orientation of the registered 
image R22, respectively. 
0110. The inputted image A1 that becomes the authenti 
cation target is the image in which “Mr./Ms. A' is photo 
graphed from the front side under the light. 
0111 Under the precondition, the face authentication 
apparatus 1 performs the following face image authentication 
processing. 
0112. When the inputted image A1 is input (S20), the face 
feature data extraction unit 32 extracts the face feature data of 
the inputted image A1 (S21). The face-information data esti 
mation unit 33 generates the face-information data of the 
inputted image A1 (S22). The face-information data estima 
tion unit 33 obtains the “homogeneous light’ as the “lighting 
condition from the inputted image A1, and also obtains the 
front view” as the “facial orientation' from the inputted 
image A1. 
0113. Then the weighting determination unit 34 deter 
mines the weight in each registered image by comparing the 
face-information data of the inputted image A and the face 
information data of the registered image (S23). At this point, 
the registered images of the pieces of registered-people infor 
mation P1 and P2 are sequentially read from the registered 
image database 21 and compared. 
0114 For example, in the registered-people information 
P1, the face-information data of the registered image R11 
agrees with the face-information data of the inputted image. 
The face-information data of the registered image R12 agrees 
with the face-information data of the inputted image A1 with 
respect to the orientation “because of the front view', while 
the face-information data of the registered image R12 does 
not agree with the face-information data of the inputted image 
A1 with respect to the “lighting condition” because of the 
light'. 
0115 Therefore, the weighting determination unit 34 allo 
cates the larger weight to the registered image R11 compared 
with the registered image R12. For example, as illustrated in 
FIG. 5, the weighting determination unit 34 allocates “0.8 to 
a weightW11 of the registered image R11, and allocates “0.2 
to a weight W12 of the registered image R12. Because the 
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weights W11 and W12 are used in the weighted mean, a sum 
of the weights W11 and W12 is calculated so as to become 
“10. 
0116 Similarly, in the registered-people information P2, 
the face-information data of the registered image R21 agrees 
with the face-information data of the inputted image, while 
the face-information data of the registered image R22 differs 
partially from the face-information data of the inputted 
image. 
0117 Therefore, the weighting determination unit 34 allo 
cates the larger weight to the registered image R21 compared 
with the registered image R22. For example, as illustrated in 
FIG. 5, the weighting determination unit 34 allocates “0.8 to 
a weight W21 of the registered image R21, and allocates “0.2 
to a weight W22 of the registered image R22. The sum of the 
weights W21 and W22 becomes “1.0” like the weight W11. 
0118. Then the authentication score calculation unit 35 
calculates the authentication score by sequentially comparing 
the inputted image A1 to the registered images R11 and R12 
of the registered-people information P1 and the registered 
images R21 and R22 of the registered-people information P2 
(S24). 
0119. In the registered image R11, the face-information 
data agrees with the inputted image A1, and the face extrac 
tion data extracted from “Mr./Ms. A' identical to the inputted 
image A1 is stored. Therefore, the authentication score cal 
culation unit 35 calculates the high authentication score with 
respect to the registered image R11. In the registered image 
R11, although the face extraction data extracted from “Mr./ 
Ms. A' identical to the inputted image A1 is stored, the 
face-information data of the registered image differs partially 
from the face-information data of the inputted image, and the 
partial difference has an influence on the exterior. Therefore, 
the authentication score calculation unit 35 calculates the 
authentication score lower than that of the registered image 
R11 with respect to the registered image R12. 
I0120) Therefore, for example, as illustrated in FIG. 5, the 
authentication score calculation unit 35 calculates that an 
authentication score C11 of the registered image R11 is 
"800', and calculates that an authentication score C12 of the 
registered image R12 is “700. 
I0121 On the other hand, in the registered image R21, 
although the face-face-information data agrees with the 
inputted image A1, the face feature data extracted from “Mr./ 
Ms. B' different from the inputted image A1 is stored. There 
fore, the authentication score calculation unit 35 calculates 
the authentication score lower than that of the registered 
image R11 with respect to the registered image R21. In the 
registered image R22, both the face-face-information data 
and the photographed person differ from the inputted image 
A1. Therefore, the authentication score calculation unit 35 
calculates the authentication score lower than that of the 
registered image R12 with respect to the registered image 
R22. 

0.122 Therefore, for example, as illustrated in FIG. 5, the 
authentication score calculation unit 35 calculates that an 
authentication score C21 of the registered image R21 is 
“700', and calculates that an authentication score C22 of the 
registered image R22 is “200”. 
I0123. Then the weighted authentication score calculation 
unit 36 applies the weight determined in Step S23 to the 
authentication score calculated in StepS24, and calculates the 
authentication score to which the weighted mean is per 
formed (S25). 
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0.124. That is, a weighted authentication score C10 for the 
registered-people information P1 is calculated from “authen 
tication score C11xweight W11+authentication score C12x 
weight W12. Therefore, weighted authentication score 
C10=800x0.8-700x0.2=780 is obtained. 

0.125. On the other hand, similarly weighted authentica 
tion score C20=700x0.8+200x0.2=600 is obtained with 
respect to a weighted authentication score C20 for the regis 
tered-people information P2. 
0126 Then the authentication result output unit 37 returns 
the name “Mr./Ms. A' of the registered-people information 
P1 as the authentication result of the inputted image A1, 
because the weighted authentication score C10 for the regis 
tered-people information P1 is larger than the weighted 
authentication score C20 for the registered-people informa 
tion P2 (S26). 
0127. In the working example, the sum of the weights is 
configured so as to become “1.0. However, the sum of the 
weights is not limited to “1.0. For example, in the case that 
only one registered image exists with respect to the registered 
people information, the Sum of the weights is not limited to 
“1.0, but the weight may be determined according to the 
number of approximate items within a range of at least 0. 
0128 (Working Effect) 
0129. As described above, in the image authentication 
apparatus 1 of the invention that authenticates the person 
included in the inputted image A1, the inputted image A1 in 
which the object is photographed is checked against the reg 
istered image database 21. In the image authentication appa 
ratus 1, the registered image R obtained by photographing the 
person and the condition relating to the face of the person of 
the registered image Rare registered in the registered image 
database 21 while correlated with each other. The image 
authentication apparatus 1 includes the face-information data 
estimation unit 33 that estimates the face-information data of 
the inputted image A1, the weighting determination unit 34 
that determines the weighting according to the closeness 
between the face-information data of the registered image R 
the face-information data of the inputted image A1, the 
authentication score calculation unit 35 that calculates the 
authentication score between the inputted image A1 and the 
registered image R, the weighted authentication score calcu 
lation unit 36 that applies the weighting determined with 
respect to the corresponding registered image R to the authen 
tication score, and the authentication result output unit 37 that 
checks the inputted image A1 based on the weighted authen 
tication score. 
0130. According to the configuration, the false recogni 
tion of the identical person as the different person or the false 
recognition of the different person as the identical person due 
to the difference between the face-information data of the 
inputted image A1 and the face-information data of the reg 
istered image R may be prevented. 
0131. In the above description, the term of “authentica 
tion” means the processing of specifying the person by check 
ing the face of the person photographed in the inputted image 
against the face of the person photographed in one of regis 
tered images. However, the “authentication' is not limited to 
the processing. 
0132) For example, the face authentication apparatus 1 
may be configured Such that, in the authentication processing, 
the person is not specified, but a list of authentication scores 
obtained as a result of the checking is output. In other words, 
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the face authentication apparatus 1 may output the result in 
which a candidate is selected in order to specify the person as 
the authentication result. 
I0133. The subject that becomes the target may be arbi 
trarily selected. Specifically, a vehicle and a number plate of 
the vehicle may be used as the subject. That is, the object that 
is distinguished by pattern recognition may be used as the 
Subject. 
0.134 (Weighting Determination Unit) 
0.135 The detailed weighting determination made by the 
weighting determination unit 34 will be described below with 
reference to FIGS. 6 to 8. 
0.136. A detailed configuration of the weighting determi 
nation unit 34 will be described below with reference to FIG. 
6. FIG. 6 is a functional block diagram illustrating each func 
tional unit included in the weighting determination unit 34. 
0.137 As illustrated in FIG. 6, the weighting determination 
unit 34 includes a face-information data comparison unit (the 
input condition determination means, the input condition 
ranking means, and the closeness calculation means) 341, a 
weighting calculation unit (the weighting determination 
means)342, and a weighting output unit 343. 
0.138. The face-information data comparison unit 341 
determines the closeness of the face-information data by 
comparing the face-information data of the inputted image 
and the face-information data of the registered image, and the 
face-information data comparison unit 341 counts the num 
ber of approximate items indicating how many close items 
exist. 
0.139. For example, the face-information data comparison 
unit 341 determines the closeness of the face-information 
data to count the number of approximate items in the follow 
ing way. 
0140. The face-information data comparison unit 341 
compares the item included in the face-information data of 
the inputted image and the item included in the face-informa 
tion data of the registered image to determine the closeness 
between the items. 

0.141. In the determination of the closeness between the 
items, the face-information data comparison unit 341 deter 
mines whether the items agree with each other or whether the 
closeness between the items falls within a predetermined 
range although the items do not agree with each other. 
0142. When the item included in the face-information data 
of the inputted image agrees with the item included in the 
face-information data of the registered image, the face-infor 
mation data comparison unit 341 increases the number of 
approximate items. 
0143. In the case that the setting of the item is the continu 
ous value, the face-face-information data comparison unit 
341 determines whether the closeness between the item 
included in the face-information data of the inputted image 
the item included in the face-information data of the regis 
tered image falls within the predetermined range. When 
determining that the closeness between the items falls within 
the predetermined range, the face-information data unit 341 
increases the number of approximate items. Using a thresh 
old, the face-information data comparison unit 341 deter 
mines whether the closeness between the items falls within 
the predetermined range. 
0144. The case that the item is the “facial orientation' will 
be exemplified below. In the case that the “facial orientation 
is the continuous value, for example, the face-information 
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data comparison unit 341 may determine the closeness based 
on the threshold of “+15 degrees”. 
0145 At this point, specifically, in the face-information 
data comparison unit 341, when the “facial orientation' 
included in the face-information data of the inputted image is 
“right 10 degrees”, and when the “facial orientation' included 
in the face-information data of the registered image is the 
"front 0 degree', a difference between the “facial orienta 
tions’ becomes “10 degrees”. Therefore, the face-informa 
tion data comparison unit 341 determines that the closeness 
between the items falls within the range of the threshold, and 
determines that the closeness between the items falls within 
the predetermined range. 
0146 In the case that the “facial orientation' is the classi 
fication, the face-information data comparison unit 341 
increases the number of approximate items when the items 
agree with each other. 
0147 The face-information data comparison unit 341 
transmits the counted number of approximate items to the 
weighting calculation unit 342. 
0148. The weighting calculation unit 342 calculates the 
weighting with respect to the authentication score, which is 
calculated in each registered image, according to the number 
of approximate items counted in each registered image by the 
face-information data comparison unit 341. A specific work 
ing example of the weighting is described later. 
0149 For example, because the weighting calculated in 
each registered image by the weighting calculation unit 342 is 
used in the averaging, the Sum of the Weights is adjusted so as 
to become “1.0. The weighting calculated in each registered 
image by the weighting calculation unit 342 may include “O'”. 
The registered people information may vary in the weighting 
calculated in each registered image by the weighting calcu 
lation unit 342. 
0150. In the case that there is no difference of the number 
of approximate items determined in each registered image, 
the weighting calculation unit 342 may perform the weight 
ing Such that all the weights become identical. For example, 
the case that all the numbers of approximate items are “0” 
may be cited as the case that all the weights become identical. 
For example, when each item is the classification, and when 
the items differ completely from one another in the compari 
son result of the face-information data comparison unit 341, 
all the numbers of approximate items become “0”. 
0151. In such cases, the weight for each registered image 
becomes a value in which “1.0 is divided by the number of 
registered images, and therefore the weighted authentication 
score becomes the arithmetic average of the authentication 
SCOS. 

0152 The weighting calculation unit 342 may set the 
weight of the registered image, in which the number of 
approximate items becomes the largest in a certain piece of 
registered people information and the number of approximate 
items becomes the Smallest between a certain piece of regis 
tered people information and another piece of registered 
people information, to a higher value. 
0153. The weighting output unit 343 stores the weighting 
calculated in each registered image in the weighting data 
storage unit 22 while correlating the weighting with the iden 
tification information on the registered image, and the 
weighting output unit 343 transfers the control to the 
weighted authentication score calculation unit 36. 
0154 (Weighting Determination Processing of Each Reg 
istered Image) A flow of “weighting determination process 
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ing of each registered image' will be described below with 
reference to FIG. 7. FIG. 7 is a flowchart illustrating the flow 
of the “weighting determination processing of each registered 
image' in the face authentication apparatus 1. 
(O155 As illustrated in FIG. 7, in the “weighting determi 
nation processing of each registered image', the face-infor 
mation data comparison unit 341 compares the face-informa 
tion data of the inputted image to the face-information data of 
each registered image with respect to each item (S231). 
0156. As a result of comparison, the face-information data 
comparison unit 341 counts how many approximate items in 
each registered image (S232). That is, the face-information 
data comparison unit 341 increases the number of approxi 
mate items in each registered image according to the com 
parison result. 
0157. Then the weighting calculation unit 342 calculates 
the weighting in each registered image according to the num 
ber of approximate items counted in each registered image 
(S233). 
0158. The weighting output unit 343 stores the weighting 
calculated by the weighting calculation unit 342 in the 
weighting data storage unit 22 (S234). Therefore, the weight 
ing determination processing of each registered image is 
ended. 
0159 (Working Example) 
0160 A working example of the weighting determination 
processing of each registered image will be described below 
with reference to FIG. 8. In the working example, how to 
perform the weighting determination processing of each reg 
istered image under the following precondition will be 
described along the flowchart in FIG. 7. 
0.161. As illustrated in FIG. 8, registered images R201 to 
R206 are registered with respect to the registered-people 
information P2 (Mr./Ms. B) in the registered image database 
21 
(0162 The items of the “facial orientation', the “smile 
intensity', and the "oblique light angle are included in the 
face-information data of the registered image. The continu 
ous value is used in the setting value of the item. 
0163 FIG. 8 illustrates the specific setting values for the 
pieces of face-information data of the registered images R201 
to R206. For example, in the face-information data of the 
registered image R201, “0 degree”, “700, and “0” are set to 
the items of the “facial orientation, the “smile intensity', and 
the “oblique light angle', respectively. 
0164 “Mr./Ms. B is photographed in an inputted image 
A100 in FIG. 8. In the face-information data of the inputted 
image A100, “3 degrees”, “720, and “0” are set to the items 
of the “facial orientation', the “smile intensity', and the 
"oblique light angle', respectively. 
(0165 At this point, it is assumed that “5 degrees”, “30, 
and “100” are set to the items of the “facial orientation', the 
“smile intensity', and the “oblique light angle' as the thresh 
olds used by the face-information data comparison unit 341. 
0166 Under the precondition, the weighting determina 
tion unit 34 performs the weighting determination processing 
in each registered image in the following way. 
0167. The item included in the face image data of the 
inputted image is to each item included in the pieces of 
face-information data of the registered images R201 to R206 
(S231). 
(0168 Specifically, whether the difference between the 
value of the item included in the face image data of the 
inputted image and the value of each item included in the 
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pieces of face-information data of the registered images R201 
to R206 is less than or equal to the threshold is determined. 
0169. For example, the registered image R201 will be 
described below. The “facial orientation' of the face-infor 
mation data of the registered image R201 is “Odegree', while 
the “facial orientation' included in the face-information data 
of the inputted image A100 is “3 degrees”. 
0170 Therefore, the face-information data comparison 
unit 341 calculates that the difference between the pieces of 
face-information data is "3 degrees” with respect to the 
“facial orientation’. At this point, it is assumed that a positive 
and negative signs are not considered while attention is paid 
to an absolute value of the difference. Hereinafter, it is 
assumed that the face-information data comparison unit 341 
calculates that the differences are “20 and “O'” with respect to 
the “smile intensity' and the "oblique light angle'. 
0171 Then, as a result of comparison, the face-informa 
tion data comparison unit 341 counts the number of approxi 
mate items in each registered image (S232). The number of 
approximate items indicates how many approximate items 
existing within the range of the threshold. 
0172 Specifically, the face-information data comparison 
unit 341 counts the number of items in each of which the 
difference is less than or equal to the threshold with respect to 
the registered images R201 to R206. 
0173 For example, the registered image R201 will be 
described below. The difference of the “facial orientation' is 
“3 degrees” while the threshold of the “facial orientation' is 
“5 degrees”. Therefore, because the difference is less than or 
equal to the threshold with respect to the item of the “facial 
orientation', the face-information data comparison unit 341 
increases the number of approximate items. 
0.174 Similarly, because the difference is less than or 
equal to the threshold with respect to the items of the “smile 
intensity' and the "oblique light angle', the face-information 
data comparison unit 341 increases the number of approxi 
mate items with respect to the items of the “smile intensity’ 
and the "oblique light angle'. 
0175 Thus, for the registered image R201, the number of 
approximate items is “3’ because all the items are close to the 
items of the inputted image. 
0176 Similarly, for the registered image R202, the num 
ber of approximate items is '2' because the items of the 
“facial orientation' and the “smile intensity’ are close to the 
items of the inputted image. For the registered images R203 to 
R206, the number of approximate items is “1” because only 
the item of the "oblique light angle' agrees with the item of 
the inputted image. 
0177. Then the weighting calculation unit 342 calculates 
the weighting of each of the registered images R201 to R206 
according to the number of approximate items. 
(0178 A weighting W201 of "0.8” that is the highest 
among the registered images R201 to R206 is allocated to the 
registered image R201 having the largest number of approxi 
mate items of “3. 
(0179 A weighting W202 of “0.1” that is the second high 
est next to the weighting W201 is allocated to the registered 
image R202 having the second largest number of approxi 
mate items next to the registered image R201. 
0180. The remaining weighting of "0.1 to be allocated is 
equally allocated to the registered images R203 to R206. That 
is, each of weightings W203 to W206 of the registered images 
R203 to R206 is “0.025" into which “0.1” is equally divided. 
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0181. Then the weighting output unit 343 stores the 
weightings W201 to W206 calculated by the weighting cal 
culation unit 342 in the weighting data storage unit 22 (S234). 
0182 
0183. A modification of the weighting determination unit 
34 will be described In the modification, the registered image 
is ranked using the closeness of the face-information data, 
and the weighting is determined based on the rank. In modi 
fication, the face-information data comparison unit 341 and 
the weighting calculation unit 342 are changed as follows. 
0.184 The change of the face-information data compari 
son unit 341 will be described. The face-information data 
comparison unit 341 calculates the closeness between each 
item of the face-information data of the registered image and 
the item of the face-information data of the inputted image. 
The face-information data comparison unit 341 determines 
the closeness between the face-information data of the input 
ted image and the face-information data of the registered 
image based on the closeness calculated in each item. The 
face-information data comparison unit 341 performs the 
ranking based on the determination result of the closeness of 
the face-information data. 

0185. In the case that the setting of the item is the continu 
ous value, the face-information data comparison unit 341 
calculates the closeness from the difference between the item 
included in the face-information data of the inputted image 
and the item included in the face-information data of the 
registered image. In this case, the face-information data com 
parison unit 341 determines the closeness of the face-infor 
mation databased on the calculated closeness. For example, 
in the case that one item is included in the face-information 
data, the face-information data comparison unit 341 deter 
mines that the pieces of face-information data are closer to 
each other with decreasing difference between the items. 
0186 For example, in the case that the plurality of items 
are included in the face-face-information data, the face-infor 
mation data comparison unit 341 outputs ranking of the close 
ness in each item. 

0187. The face-information data comparison unit 341 may 
determine the closeness using the threshold. The face-infor 
mation data comparison unit 341 may determine that the 
pieces of face-information data are closer to each other when 
the difference is less than or equal to the threshold. At this 
point, the threshold may be provided in a stepwise manner. 
The face-information data comparison unit 341 may deter 
mine the closeness in the stepwise manner according to the 
step to which the threshold belongs. 
0188 In the case that the setting of the item is the classi 
fication, the face-information data comparison unit 341 deter 
mines the closeness of the classification according to a rule of 
the closeness of the classification. The rule of the closeness of 
the classification means the closeness that is defined between 
the different classifications. 

0189 A definition such that a relationship between the 
"front view' and the “view facing the right' is close may be 
cited as an example of the rule of the closeness of the classi 
fication. Alternatively, the rule of the closeness of the classi 
fication may be a relative rule that the relationship between 
the “front view' and the “view facing the right' is closer than 
the relationship between the “view facing the left' and the 
“view facing the right'. For example, the rule of the closeness 
of the classification may previously be defined in the storage 
unit 20 of the face authentication apparatus 1. 

(Modification of Weighting Determination Unit) 
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0190. The change of the weighting calculation unit 342 
will be described below. The weighting calculation unit 342 
calculates the weighting according to the ranking that is cal 
culated in each item by the face-information data comparison 
unit 341. 
0191 In this case, for example, the weighting calculation 
unit 342 equally allocates the weight to each item, and allo 
cates the higher weighting to the registered image having the 
higher rank in each item within the range of the weight allo 
cated to each item. The weighting calculation unit 342 calcu 
lates the weighting in each registered image by adding the 
weights allocated to the items. 
(0192 That is, for the four items, the weighting of "0.25” is 
allocated to each item. For example, the weighting calcula 
tion unit 342 allocates the weighting of "0.25' to the regis 
tered image having the highest rank in each item. When the 
registered image has the two items, the weighting of the 
registered image becomes '0.5”. 
0193 The weighting calculation unit 342 may allocate the 
weighting to the registered image having the item to which 
the predetermined ranking is performed. 
(0194 Flow of Processing of Modification 
0.195 The flow of the “weighting determination process 
ing of each registered image' in the modification will be 
described below with reference to FIG. 9. Fig. is a flowchart 
illustrating another example of the flow of the weighting 
determination processing of each registered image in the 
weighting determination unit 34. 
0196. As illustrated in FIG. 9, in the modification of the 
weighting determination processing of each registered 
image, the face-information data comparison unit 341 com 
pares the face-information data of the inputted image to the 
face-information data of each registered image with respect to 
each item (S231). 
0197) Then the face-information data comparison unit 341 
ranks the closeness between the face-information data of the 
inputted image and the face-information data of the registered 
image with respect to each item according to the comparison 
result (S232A). 
0198 Then the weighting calculation unit 342 calculates 
the weighting in each registered image according to the rank 
ing (S233A). 
0199 The weighting output unit 343 stores the weighting 
calculated by the weighting calculation unit 342 in the 
weighting data storage unit 22 (S234). Therefore, the weight 
ing determination processing of each registered image is 
ended. 

0200 (Another Modification of Weighting Determination 
Unit) 
0201 Another modification of the weighting determina 
tion unit 34 will be described below. In the modification, the 
weighting determination unit 34 calculates the difference 
between the value of the item included in the face-face-infor 
mation data of the inputted image and the value of the item 
included in the face-information data of the registered image, 
and determines the weighting based on the calculated differ 
CCC. 

0202 Specifically, the weighting determination unit 34 
calculates an inverse number of the difference in each regis 
tered image, and determines the final weighting by normal 
izing the sum of the calculated inverse numbers. 
0203 The case that the item is the “facial orientation' will 
be exemplified below. 
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0204. In the case that the difference between the value of 
the “facial orientation' included in the face-information data 
of the inputted image and the value of the “facial orientation' 
included in the face-information data of a first registered 
image are 50 degrees, the weighting determination unit 34 
calculates /SO=0.02 as the inverse number of the difference. 
0205. In the case that the difference between the value of 
the “facial orientation' included in the face-information data 
of the inputted image and the value of the “facial orientation' 
included in the face-information data of a second registered 
image are 2 degrees, the weighting determination unit 34 
calculates /2=0.5 as the inverse number of the difference. 
0206 Because the sum of the calculated inverse numbers 
is 0.52, the of the first and second registered images become 
0.02/0.52 and 0.5/0.52, respectively. The sum of the calcu 
lated weightings is 0.02/0.52+0.5/0.52= 
0207 Another embodiment of the present invention will 
be described below with reference to FIGS. 10 to 17. For the 
sake of convenience, a component having the same function 
as the above embodiment is designated by the same numeral, 
and the description is omitted. 
0208. In the following embodiment, the registered image 
used to calculate the authentication score is previously 
selected under a predetermined condition, and the authenti 
cation is performed using the selected registered image. 
0209. A face authentication apparatus (the image authen 
tication apparatus) 1A in FIG. 10 differs from the face authen 
tication apparatus 1 in the following points. 
0210. In the face authentication apparatus 1A, the face 
information data estimation unit 33, the weighting determi 
nation unit 34, and the authentication score calculation unit 
35 in the control unit 30 of the face authentication apparatus 
1 are changed to a face-information data estimation unit 33A. 
a weighting determination unit 34A, and an authentication 
score calculation unit (the similarity calculation means) 35A, 
respectively, and a registered image selection unit (the selec 
tion means) 40 is also included. 
0211. The face authentication apparatus 1A further 
includes a selection information storage unit 23 in the storage 
unit 20 of the face authentication apparatus 1. The registered 
image selection unit 40 performs processing in the “face 
image registration processing. These different points will be 
described below. 
0212. The face-information data estimation unit 33A reg 
isters the face-information data in the “face image registration 
processing, and then notifies the registered image selection 
unit 40 that the registration of the face-information data is 
ended. 
0213 Selection information including the identification 
information on the registered image that should be a process 
ing target in the “face image authentication processing” is 
stored in the selection information storage unit 23. That is, the 
identification information on the registered image, which is 
used to calculate the authentication score in the authentica 
tion score calculation unit 35A and to perform the weighting 
determination in the weighting determination unit 34A, is 
stored in the selection information storage unit 23. 
0214. In the “face image authentication processing, when 
receiving the notification that the registration of the face 
information data is ended from the face-information data 
estimation unit 33A, the registered image selection unit 40 
selects the registered image that should be the processing 
target. Specifically, the registered image selection unit 40 
compares the pieces of registered-people information P with 
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respect to the item included in the face-information data of 
registered image, and selects the registered image including 
the close item as registered image that should be the process 
ing target. The registered image selection unit 40 stores the 
selection information including the identification informa 
tion on the selected registered image in the selection infor 
mation unit 23. 
0215 For example, the registered image selection unit 40 
selects the registered image. From the other viewpoint, the 
face feature data and face-information data that are used in the 
authentication processing are selected. 
0216. The weighting determination unit 34A determines 
the weighting with respect to the selected registered image. 
That is, the weighting determination unit 34A determines the 
weighting with respect to the registered image in which the 
identification information is included in the selection infor 
mation stored in the selection information storage unit 23. In 
other words, the weighting determination unit 34A deter 
mines the weighting for the authentication score that should 
be calculated with respect to the selected registered image by 
the authentication score calculation unit 35. 
0217. The already-described technique may be adopted as 
the weighting determination technique in the weighting 
determination unit 34A. 
0218. The authentication score calculation unit 35A per 
forms the matching between the inputted image and the 
selected registered image to calculate the authentication score 
indicating the degree of approximation between the image 
and the registered image. That is, the authentication score 
calculation unit 35A calculates the authentication score with 
respect to the registered image in which the identification 
information is included in the selection information stored in 
the selection information storage unit 23. The already-de 
scribed technique may be adopted as the authentication score 
calculating technique in the authentication score calculation 
unit 35A. 
0219 (Flow of Face Image Registration Processing) 
0220. A flow of the face image registration processing of 
registering the photographed image in which a face of a 
certain person is photographed as the registration target 
image will be described below with reference to FIG. 11. FIG. 
11 is a flowchart illustrating the flow of the face image reg 
istration processing in the face authentication apparatus 1A. 
0221 Because Steps S10 to S12 are already described in 
FIG. 3, the description is omitted. In Step S13 subsequent to 
Step S12, the registered image selection unit 40 selects the 
registered image from the face-information data. The detail of 
the “processing of selecting the registered image using the 
face-information data' is described later. Therefore, the face 
image registration processing is ended. 
0222 (Flow of Face Image Authentication Processing) 
0223) A flow of the face image authentication processing 
of authenticating the photographed image in which a face of 
a certain person is photographed as the inputted image will be 
described below with reference to FIG. 12. FIG. 12 is a 
flowchart illustrating the flow of the face image authentica 
tion processing in the face authentication apparatus 1A. 
0224 Because Steps S20 to S22 are already described in 
FIG. 4, the description omitted. Subsequent to Step S22, the 
weighting determination unit 34A determines the weighting 
with respect to the selected registered image (S23A). 
0225. The authentication score calculation unit 35A per 
forms the matching between the inputted image and the 
selected registered image to calculate the authentication score 
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indicating the degree of approximation between the inputted 
image and the registered image (S24A). 
0226. The weighted authentication score calculation unit 
36 calculates the weighted authentication score in which the 
weighting determined by the weighting determination unit 
34A is applied to the authentication score calculated by the 
authentication score calculation unit 35A (S25). The authen 
tication result output unit 37 authenticates the inputted image 
A1 using the weighted authentication score, and outputs the 
authentication result to the display unit 12 (S26). Therefore, 
the face image authentication processing is ended. 
0227 (Working Example) 
0228. A working example of the face image registration 
processing and face image authentication processing in the 
face authentication apparatus 1A will be described below 
with reference to FIG. 13. In the working example, how the 
face image registration processing and face image authenti 
cation processing in the face authentication apparatus 1A are 
performed under the following precondition will be described 
along the flowcharts in FIGS. 11 and 12. 
0229. As illustrated in FIG. 13, the registered-people 
information P1 (Mr./Ms. A) and the registered-people infor 
mation P2 (Mr./Ms. B) are registered as the precondition in 
the registered image database 21 through Steps S10 to S12 in 
face image registration processing in FIG. 11. The face-in 
formation data of the registered image, which is registered 
with respect to the registered-people information P1 and the 
registered-people information P2, includes items of the 
“lighting condition” and the “facial orientation’. The classi 
fication is used in the setting value of the item. 
0230. The registered images R11 to R13 are registered 
with respect to the registered-people information P1. The 
“homogeneous light' and the “front view” are set to the 
“lighting condition' and the “facial orientation of the regis 
tered image R11, respectively. The "oblique light' and the 
"front view” are set to the “lighting condition' and the “facial 
orientation of the registered image R12, respectively. The 
“homogeneous light' and the “view facing the right” are set to 
the “lighting condition' and the “facial orientation of the 
registered image R13, respectively. 
0231. The registered images R21 and R23 are registered 
with respect to the registered-people information P2. The 
“homogeneous light' and the “front view” are set to the 
“lighting condition' and the “facial orientation of the regis 
tered image R21, respectively. The “homogeneous light' and 
the “view facing the right” are set to the “lighting condition 
and the “facial orientation of the registered image R23, 
respectively. 
0232. The inputted image A1 that becomes the authenti 
cation target is the image in which “Mr./Ms. A' is photo 
graphed from the front side under the light. 
0233. Under the precondition, the face authentication 
apparatus 1A further performs the processing of selecting the 
registered image that should be the processing target (S13). 
0234 For example, the registered image selection unit 40 
selects the registered images in which the pieces of face 
information data agree with each other between the regis 
tered-people information P1 and the registered-people infor 
mation P2. In the example in FIG. 13, the registered image 
R11 agrees with the registered image R21 in each item 
included in the face-information data. The registered image 
R13 agrees with the registered image R23 in each item 
included in the face-information data. 
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0235. Therefore, with respect to the registered-people 
information P1, the registered image selection unit 40 stores 
the pieces of identification information on the registered 
images R11 and R13 in the selection information storage unit 
23. With respect to the registered-people information P2, the 
registered image selection unit 40 stores the pieces of identi 
fication information on the registered images R21 and R23 in 
the selection information storage unit 23. 
0236. The face authentication apparatus 1 further per 
forms the following face image authentication processing. 
0237 Because Steps S20 to S22 are already described, the 
description is omitted. 
0238. Subsequent to Step S22, the weighting determina 
tion unit 34A determines the weighting in each registered 
image by comparing the face-information data of the inputted 
image A and the face-information data of the selected regis 
tered image (S23A). Because Step 23A is similar to Step S23 
in FIG. 5, the description is omitted. 
0239. As a result, in Step S23A, the weighting determina 
tion unit 34A allocates “0.8 to a weighting W111 of the 
registered image R11, and allocates '0.2 to a weighting 
W112 of the registered image R13. The weighting determi 
nation unit 34A allocates "0.8 to a weighting W121 of the 
registered image R21, and allocates '0.2 to a weighting 
W123 of the registered image R23. 
0240. Then the authentication score calculation unit 35A 
calculates the authentication score by sequentially comparing 
the inputted image A1 to the registered images R11 and R13 
selected with respect to the registered-people information P1 
and the registered images R21 and R23 selected with respect 
to the registered-people information P2 (S24A). Because 
Step 24A is similar to Step S24 in FIG. 5, the description is 
omitted. 
0241. As a result, in Step S24A, the authentication score 
calculation unit 35A calculates that an authentication score 
C111 of the registered image R11 is and calculates that an 
authentication score C113 of the registered image R13 is 
“700'. The authentication score calculation unit 35A calcu 
lates that an authentication score C121 of the registered image 
R21 is "700, and calculates that an authentication score 
C123 of the registered image R23 is “200”. 
0242. The following pieces of processing in Steps S25 and 
S26 are performed as described in FIG. 5. In Step S25, from 
the results in Steps S23 and S24, the weighted authentication 
score calculation unit 36 calculates that a weighted authenti 
cation score C110 of the registered-people information P1 is 
“780, and calculates that a weighted authentication score 
C120 of the registered image P2 is “600. 
0243 In Step S26, the authentication result output unit 37 
returns the name “Mr./Ms. A’ of the registered-people infor 
mation P1 from the result in Step S25. 
0244 (Configuration Example of Registered Image Selec 
tion Unit) 
0245. A configuration example of the registered image 
selection unit 40 will be described below with reference to 
FIGS 14 to 16. 
0246. In the configuration example, the registered image 
selection unit 40 is configured as follows. As illustrated in 
FIG. 14, the registered image selection unit 40 includes a 
face-information data mutual comparison unit (the photo 
graphing condition approximation determination means and 
the registration condition ranking means) 401, a reference 
registered image selection unit (the photographing condition 
closeness calculation means) 402, a stranger registered image 
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selection unit (the photographing condition closeness calcu 
lation means) 403, and a selection information setting unit 
404. 
0247 Based on the face-information data of the registered 
image of the assigned registered people information, the face 
information data mutual comparison unit 401 compares the 
registered image of another piece of registered people infor 
mation and the face-information data. 
0248. As used herein, another piece of registered people 
information means the registered people information except 
the assigned registered people information. The registered 
people information may be assigned by a users instruction 
acquired through the operation unit 11, or the registered 
people information may randomly be assigned. Hereinafter, 
the assigned registered people information is referred to as 
reference registered people information. 
0249 For example, the face-information data mutual com 
parison unit 401 outputs the number of approximate items as 
the comparison result like the face-information data compari 
son unit 341. 
0250 That is, the face-information data mutual compari 
son unit 401 counts the number of approximate items by 
comparing the registered image of another piece of registered 
people information and the face-information data in each 
registered image of the reference registered people informa 
tion. The face-information data mutual comparison unit 401 
outputs the number of approximate items, which are counted 
in each registered image of another piece of registered people 
information, as the comparison result. Using the threshold, 
the face-information data mutual comparison unit 401 deter 
mines whether the items are approximate to each other. 
0251. The reference registered image selection unit 402 
selects the registered image that becomes the processing tar 
get with respect to the reference registered people informa 
tion based on the comparison result of the face-information 
data mutual comparison unit 401. For example, the reference 
registered image selection unit 402 may select the reference 
registered image, in which the number of approximate items 
of the comparison result agrees with or is similar to the 
number of approximate items of the registered image of 
another piece of registered people information, as the regis 
tered image that becomes the processing target. 
0252. The stranger registered image selection unit 403 
selects the registered image that becomes the processing tar 
get with respect to the registered people information except 
the reference registered people information based on the 
comparison result of the face-information data mutual com 
parison unit 401. For example, the Stranger registered image 
selection unit 403 may select the Stranger registered image, in 
which the number of approximate items of the comparison 
result agrees with or is similar to the number of approximate 
items of the registered image of the registered people infor 
mation that becomes the reference in all the items, as the 
registered image that becomes the processing target. 
0253) The selection information setting unit 404 stores the 
selection information including the pieces of identification 
information on the registered images, which are selected by 
the reference registered image selection unit 402 and stranger 
registered image selection unit 403, in the selection informa 
tion storage unit 23. 
0254 Flow of Processing in Configuration Example 
0255. The detail of the “processing of selecting the regis 
tered image using the face-information data” performed by 
the registered image selection unit 40 of the configuration 
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example will be described below with reference to FIG. 15. 
FIG. 15 is a flowchart illustrating the detail of the “processing 
of selecting the registered image using face-information 
data'. 
0256. As illustrated in FIG. 15, in the “processing of 
selecting the registered image using face-information data'. 
the face-information data mutual comparison unit 401 com 
pares the face-information data between the registered image 
of the reference registered people information and the regis 
tered image of another piece of registered people information 
(S131). 
0257 The face-information data mutual comparison unit 
401 counts the number of approximate items of the face 
information data in each registered image of the reference 
registered people information (S132). 
0258. The reference registered image selection unit 402 
selects the registered image with respect to the reference 
registered people information according to the comparison 
result of the face-information data mutual comparison unit 
401, namely, the number of approximate items (S133). 
0259. The face-information data mutual comparison unit 
401 counts the number approximate items of the face-infor 
mation data in each registered image of another piece of 
registered people information (S134). 
0260 The stranger registered image selection unit 403 
selects the registered image with respect to the registered 
people information on the stranger according to the compari 
son result of the face-information data mutual comparison 
unit 401, namely, the number of approximate items (S135). 
0261 The selection information setting unit 404 registers 
the identification information on the registered image, which 
is selected with respect to the reference registered people 
information by the reference registered image selection unit 
402, and the identification information on the registered 
image, which is selected with respect to the registered people 
information on the Stranger by the Stranger registered image 
selection unit 403, as the selection information in the selec 
tion information storage unit 23 (S136). 
0262 Working Example of Configuration Example 
0263. A working example of the “processing of selecting 
the registered image using the face-information data” accord 
ing to the configuration example will be described below with 
reference to FIG. 16. In the working example, how to select 
the registered image under the following precondition will be 
described along the flowchart in FIG. 15. 
0264. As illustrated in FIG. 16, the registered-people 
information P1 and the registered-people information P2 are 
registered in the registered image 21. Registered images 
R101 to R103 are registered with respect to the registered 
people information P1. Registered images R201, R204, 
R207, and R208 are registered with respect to the registered 
people information P2. 
0265. The items of the “facial orientation, the “smile 
intensity', and the "oblique light angle are included in the 
face-information data of the registered image. The continu 
ous value is used in the setting value of the item. 
0266 FIG. 16 illustrates the specific setting value of each 
registered image. For example, in the face-information data 
of the registered image R101, “0 degree”, “710, and “0” are 
set to the items of the “facial orientation', the “smile inten 
sity', and the “oblique light angle', respectively. 
0267. Hereinafter, it is assumed that the registered-people 
information P1 is assigned. It is also assumed that “10 
degrees”, “15”, and “110” are set to the items of the “facial 
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orientation', the “smile intensity', and the “oblique light 
angle' as the thresholds used by the face-information data 
mutual comparison unit 401. 
0268 Under the precondition, the registered image selec 
tion unit 40 performs the “processing of selecting the regis 
tered image using the face-information data' in the following 
way. 
0269. The face-information data mutual comparison unit 
401 compares the face-face-information data between each of 
the registered images R101 to R103 of registered-people 
information P1 that becomes the reference and each of the 
registered images R201, R204, R207, and R208 of the regis 
tered-people information P2 (S131). 
0270. The face-information data mutual comparison unit 
401 compares the face-information data of the registered 
image R101 to the face-information data of each of the reg 
istered images R201, R204, R207, and R208. The same holds 
true for the registered images R102 and R103. 
0271 The face-information data mutual comparison unit 
401 counts the number of approximate items of the face 
information data with respect to the registered images R101 
to R103 (S132). For example, the face-information data 
mutual comparison unit 401 counts the number of approxi 
mate items between the registered image R101 and each of 
the registered images R201, R204, R207, and R208 in the 
following way. 
0272. The registered image R101 agrees with the regis 
tered image R201 in the “facial orientation” and the “oblique 
light angle', and the “smile intensity falls within the thresh 
old. Therefore, the face-information data mutual comparison 
unit 401 counts the number of approximate items as “3. 
Similarly the face-information data mutual comparison unit 
401 counts the numbers of approximate items between the 
registered image R101 and the registered images R204, R207, 
and R208 as “1”, “3, and “2, respectively. 
0273. Then the face-information data mutual comparison 
unit 401 counts the numbers of approximate items between 
the registered image R102 and the registered images R201 
R204, R207, and R208 as “2”, “1”, “1”, and “3, respectively. 
0274 The face-information data mutual comparison unit 
401 counts the numbers of approximate items between the 
registered image R103 and the registered images R201, R204, 
R207, and R208 as “1”, “2”, “1”, and “1”, respectively. 
0275. Then the reference registered image selection unit 
402 selects the registered image with respect to the registered 
people information P1 according to the comparison result of 
the face-information data mutual comparison unit 401, 
namely, the number of approximate items (S133). 
0276 For example, the reference registered image selec 
tion unit 402 selects the registered image in which the number 
of approximate items is counted as '3' in the comparison to 
one of the registered images R201, R204, R207, and R208. In 
Step S132, the number of approximate items is counted as “3” 
in the comparison of the registered image R101 to the regis 
tered images R201 and R207 and the comparison of the 
registered image R102 to the registered image R208. There 
fore, the reference registered image selection unit 402 selects 
the registered images R101 and R102. 
0277. The face-information data mutual comparison unit 
401 counts the number approximate items of the face-infor 
mation data with respect to the registered images R201, R204, 
R207, and R208 of the registered-people information P2 
(S134). Because the number of approximate items of each of 
the registered images R201, R204, R207, and R208 is 
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counted in Step S132, the face-face-information data mutual 
comparison unit 401 may use a counting result in Step S132. 
0278. The stranger registered image selection unit 403 
selects the registered image with respect to the registered 
people information P2 according to the comparison result of 
the face-information data mutual comparison unit 401, 
namely, the number of approximate items (S135). 
0279. At this point, for example, the stranger registered 
image selection unit 403 selects the registered image in which 
the number of approximate items is counted as '3' in the 
comparison to each of the registered images R101 to R103. 
0280. In Step S134, the number of approximate items is 
counted as '3' in the comparison of the registered image 
R201 to the registered image R101, the comparison of the 
registered image R207 to the registered image R101, and the 
comparison of the registered image R208 to the registered 
image R102. Therefore, the reference registered image selec 
tion unit 402 selects the registered images R201, R207, and 
R208. 
0281. The selection information setting unit 404 registers 
the pieces of identification information on the registered 
images R101 and R102, which are selected with respect to the 
registered-people information P1 by the reference registered 
image selection unit 402, and the pieces of identification 
information on the registered images R201, R207, and R208, 
which are selected with to the registered-people information 
P2 by the stranger registered image selection unit 403, as the 
selection information in the selection information storage 
unit 23 (S136). 
0282 (Another Configuration Example of Registered 
Image Selection Unit) 
0283 Another configuration example of the registered 
image selection unit 40 will be described below with refer 
ence to FIG. 17. In another configuration example, the regis 
tered image is ranked using the closeness of the face-infor 
mation data, and the registered image is selected based on the 
ranking. In another configuration example, the functions of 
the face-information data mutual comparison unit 401, refer 
ence registered image selection unit 402, and stranger regis 
tered image selection unit 403 in FIG. 14 are changed as 
follows. 
0284. The face-information data mutual comparison unit 
401 outputs the ranking of the closeness of the face-informa 
tion data of the registered image as the comparison result. The 
ranking includes a reference ranking that is of a ranking of the 
registered image of the reference registered people informa 
tion with respect to the registered image of another piece of 
registered people information and a stranger ranking that is of 
a ranking of the registered image of another piece of regis 
tered people information with respect to the registered image 
of the reference registered people information. The reference 
ranking technique and the Stranger ranking technique are 
similar to those of the modification of the weighting determi 
nation unit 34. 
0285 For example, the face-information data mutual com 
parison unit 401 compares and ranks the face-information 
data between the reference registered people information and 
another piece of registered people information by the follow 
ing procedure. 
0286 The face-information data mutual comparison unit 
401 compares each registered image registered with respect 
to the reference registered people information and each reg 
istered image registered with respect to another piece of reg 
istered people information in each item, and performs the 
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reference ranking of the registered image registered with 
respect to the reference registered people information. 
0287. The face-information data mutual comparison unit 
401 compares each registered image registered with respect 
to the reference registered people information and each reg 
istered image registered with respect to another piece of reg 
istered people information in each item, and performs the 
Stranger ranking of the registered image registered with 
respect to another piece of registered people information. 
0288 The reference registered image selection unit 402 
selects the registered image with respect to the reference 
registered people information according to the reference 
ranking output from the face-information data mutual com 
parison unit 401. For example, the reference registered image 
selection unit 402 selects the registered image including the 
items that are ranked from the highest position to a predeter 
mined rank. 
0289. The stranger registered image selection unit 403 
selects the registered image with respect to another piece of 
registered people information according to the stranger rank 
ing output from the face-information data mutual comparison 
unit 401. For example, the stranger registered image selection 
unit 403 selects the registered image including the items that 
are ranked from the highest position to a predetermined rank. 
0290 Flow of Processing in the Configuration Example 
0291. The detail of the “processing of selecting the regis 
tered image using the face-information data” performed by 
the registered image selection unit 40 of the configuration 
example will be described below with reference to FIG. 17. 
FIG. 17 is a flowchart illustrating the detail of the “processing 
of selecting the registered image using the face-information 
data'. 
0292. As illustrated in FIG. 17, in the “processing of 
selecting the registered image using face-information data'. 
the face-information data mutual comparison unit 401 com 
pares the face image data between the registered image of the 
reference registered people information and the registered 
image of another piece of registered people information in 
each item (S131A). 
0293. The face-information data mutual comparison unit 
401 performs the reference ranking with respect to the refer 
ence registered people information in each item according to 
the comparison result (S132A). 
0294 The reference registered image selection unit 402 
selects the registered image with respect to the reference 
registered people information according to the reference 
ranking (S133A). 
0295 The face-information data mutual comparison unit 
401 performs another ranking with respect to another piece of 
registered people information in each item according to the 
comparison result (S134A). 
0296. The stranger registered image selection unit 403 
selects the registered image with respect to another piece of 
registered people information according to another ranking 
(S135A). 
0297. The selection information setting unit 404 registers 
the identification information on the registered image, which 
is selected with respect to the reference registered people 
information by the reference registered image selection unit 
402, and the identification information on the registered 
image, which is selected with respect to the registered people 
information on the Stranger by the Stranger registered image 
selection unit 403, as the selection information in the selec 
tion information storage unit 23 (S136). 
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Third Embodiment 

0298 Still another embodiment of the present invention 
will be described below with reference to FIGS. 18 to 24. For 
the sake of convenience, a component having the same func 
tion as the above embodiments is designated by the same 
numeral, and the description is omitted. 
0299. In the following embodiment, the registered image 
used to calculate the authentication score is previously 
selected under a predetermined condition while the numbers 
of registered images agree with each other, and the authenti 
cation is performed using the selected registered image. 
0300. A face authentication apparatus (the image authen 
tication apparatus) 1B in FIG. 18 differs from the face authen 
tication apparatus 1A in FIG.10 in the following points. In the 
face authentication apparatuS 1B, a selection-number setting 
unit (the selection means) 41 is added to the face authentica 
tion apparatus 1A, and the registered image selection unit 40 
is changed to the registered image selection unit (the selection 
means) 42. The selection-number setting unit 41 performs 
processing in the “face image registration processing. These 
different points will be described below. 
0301 The selection-number setting unit 41 counts the 
number of registered images registered in each piece of reg 
istered people information, and sets the number of selections 
based on the counting result. At this point, the selection 
number setting unit 41 sets the number of selections such that 
the identical number of registered images is selected among 
the pieces of registered people information. 
0302 For example, the selection-number setting unit 41 
sets the minimum number of registered images registered 
with respect to the registered people information to the num 
ber of selections. For example, the selection-number setting 
unit 41 may set a number Smaller than the minimum number 
of images registered with respect to the registered people 
information to the of selections. The selection-number setting 
unit 41 notifies the registered image selection unit 42 of the 
setting selection number. 
0303. The registered image selection unit 42 selects the 
identification information on the registered image that should 
be the processing target in the “face image recognition pro 
cessing according to the number of selections of which the 
selection-number setting unit 41 notifies the registered image 
selection unit 42. The registered image selection unit 42 
selects the registered images by the number of selections such 
that the number of registered images selected among the 
pieces of registered people information registered in the reg 
istered image database 21 according to the setting number of 
selections becomes identical. The detailed registered image 
selection unit 42 will be described below. 
0304. The face-information data estimation unit 33A is 
changed so as to notify the selection-number setting unit 41 
that the registration of the face-information data is ended in 
the “face image registration processing. 
0305 (Configuration Example of Registered Image Selec 
tion Unit) 
0306 The detailed registered image selection unit 42 will 
be described below with reference to FIGS. 19 to 23. FIG. 19 
is a functional block diagram illustrating a detailed configu 
ration example of the registered image selection unit 42. 
0307 As illustrated in FIG. 19, the registered image selec 
tion unit 42 includes a face-information data mutual compari 
son unit (the condition mutual means, mutual approximation 
number counting means, and the mutual ranking means) 421, 
a registered image selection information generation unit 

Dec. 12, 2013 

(photographing condition closeness mutual calculation 
means) 422, and a selection information setting unit 423. 
0308 The face-information data mutual comparison unit 
421 compares the face-information data between the regis 
tered image of a certain piece of registered people informa 
tion and the registered image of another piece of registered 
people information. The comparison technique in the face 
information data mutual comparison unit 421 is similar to that 
of the face-information data mutual comparison unit 401. For 
example, the face-information data mutual comparison unit 
421 outputs the number of approximate items as the compari 
son result like the face-information data mutual comparison 
unit 401. 
0309 For example, the face-information data mutual com 
parison unit 421 sets the registered people information, in 
which the number of registered images registered with 
respect to the registered people information is minimum, to 
the reference. 
0310. The registered image selection information genera 
tion unit 422 selects the registered images of the registered 
people information that becomes the reference and the regis 
tered images of another piece of registered people informa 
tion by the number of selections according to the comparison 
result of the face-information data mutual comparison unit 
421. 
0311. At this point, for example, the registered image 
selection information generation unit 422 selects the regis 
tered image of the registered people information that 
becomes the reference in the following way. That is, the 
registered image selection information generation unit 422 
selects all the registered images of the registered people infor 
mation that becomes the reference. In this case, the number of 
registered images of the registered people information that 
becomes the reference is equal to the number of selections of 
which the selection-number setting unit 41 notifies the regis 
tered image selection unit 42. 
0312 For example, the registered image selection infor 
mation generation unit 422 selects the registered image of 
another piece of registered people information in the follow 
ing way. That is, the registered image selection information 
generation unit 422 selects the registered image of another 
piece of registered people information, in which the number 
of approximate items of the comparison result agrees with or 
is similar to the number of approximate items of the registered 
image of the registered people information that becomes the 
reference in all the items, as the registered image that 
becomes the processing target. 
0313 The selection information setting unit 423 stores the 
identification information on the registered image, which is 
selected by the registered image selection information gen 
eration unit 422, as the selection information in the selection 
information storage unit 23. 
0314 (Flow of Face Image Registration Processing) 
0315. A flow of the face image registration processing in 
the face authentication apparatus 1B will be described below 
with reference to FIG. 20. FIG. 20 is a flowchart illustrating 
the flow of the face image registration processing in the face 
authentication apparatus 1B. 
0316. Because Steps S10 to S12 are already described in 
FIG. 3, the description is omitted. In Step S14 subsequent to 
Step S12, the selection-number setting unit 41 counts the 
registration number of registered images in each piece of 
registered people information, and sets the number of selec 
tions according to the counting result. 



US 2013/0329.970 A1 

0317. The registered image selection unit 42 selects the 
registered images by the number of selections using the face 
information data (S15). A detail of the “processing of select 
ing the registered images by the number of selections using 
the face-information data' is described later. Therefore, the 
face image registration processing is ended. 
0318 (Flow of Processing of Selecting Registered Images 
by the Number of Selections Using Face-Information Data) 
0319. The detail of the “processing of selecting the regis 
tered images by the number of selections using the face 
information data' in the registered image selection unit 42 
will be described below with reference to FIG. 21. FIG. 21 is 
a flowchart illustrating the detail of the “processing of select 
ing the registered images by the number of selections using 
the face-information data'. 
0320. As illustrated in FIG. 21, in the “processing of 
selecting the registered images by the number of selections 
using the face-information data”, the face-information data 
mutual comparison unit 421 compares the face-information 
data between the registered image of the registered people 
information that becomes the reference and the registered 
image of another piece of registered people information in 
each item based on a certain piece of registered people infor 
mation (S151). 
0321. The face-information data mutual comparison unit 
401 counts the number of approximate items of the face 
information data from the comparison result in each regis 
tered image of another piece of registered people information 
(S152). 
0322 The registered image selection information genera 
tion unit 422 selects the registered image according to the 
number of approximate items (S153). That is, the registered 
image selection information generation unit 422 generates 
the selection information including the identification infor 
mation on the registered image according to the number of 
approximate items counted by the face-information data 
mutual comparison unit 401. 
0323. The selection information setting unit 423 stores the 
selection information generated by the registered image 
selection information generation unit 422 in the selection 
information storage unit 23 (S154). Therefore, the processing 
is ended. 
0324 (Flow of Face Image Authentication Processing) 
0325 A flow of the face image authentication processing 
in the face authentication apparatus 1B will be described 
below. The face image authentication processing in FIG. 12 
may directly be applied to the face image authentication 
processing in the face authentication apparatus 1B. 
0326. Therefore, the detailed face image authentication 
processing is omitted. 
0327 (Working Example) 
0328. A working example of the face image registration 
processing and face image authentication processing in the 
face authentication apparatus 1B will be described below 
with reference to FIG. 22. The face image registration pro 
cessing and the face image authentication processing are 
described in this order. 
0329. First, how the registered image selection unit 42 
selects the registered image under the following precondition 
in the face image registration processing will be described 
along the flowcharts in FIGS. 20 and 21. 
0330. As illustrated in FIG. 22, the registered-people 
information P1 (Mr./Ms. A) and the registered-people infor 
mation P2 (Mr./Ms. B) are registered as the precondition in 
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the registered image database 21 through Steps S10 to S12 in 
the face image registration processing in FIG. 20. 
0331 Although not illustrated in detail, it is assumed that 
the face-information of the registered image, which is regis 
tered with respect to the registered-information P1 and the 
registered-people information P2, includes items of the 
“lighting condition' and the “facial orientation'. 
0332 The registered image R11 and R13 are registered 
with respect to the registered-people information P1. Because 
the item of the face-information data of each of the registered 
images R11 and R13 is identical to that in FIG. 13, the 
description is omitted. 
0333. The registered images R21 to R27 are registered 
with respect to the registered-people information P2. Because 
the item of the face-information data of each of the registered 
images R21 to R25 is identical to that in FIGS. 5 and 16, the 
description is omitted. 
0334. The “homogeneous light' and an “upward view” are 
set to the “lighting condition' and the “facial orientation' of 
the registered image R26, respectively. The "homogeneous 
light' and a “downward view” are set to the “lighting condi 
tion' and the “facial orientation of the registered image R27. 
respectively. 
0335 The inputted image A1 that becomes the authenti 
cation target is the image in which “Mr./Ms. A' is photo 
graphed from the front side under the homogeneous light. 
0336 Under the precondition, the selection-number set 
ting unit 41 counts the registration number of registered 
images in each of the pieces of registered-registered-people 
information P1 and P2, and sets the number of selections 
according to the counting result. (S14). The registration num 
ber of registered images of the registered-people information 
P1 is “2, and the registration number of registered images of 
the registered-people information P2 is “7”. Therefore, the 
selection-number setting unit 41 sets “2, which is the small 
registration number of registered images, to the number of 
selections. 

0337 The face authentication apparatus 1B performs the 
processing of selecting the registered images by the number 
of selections using the face-information data (S15). 
0338 More specifically, the face-information data mutual 
comparison unit 421 compares the face-information data 
between each of the registered images R11 and R13 of the 
registered-people information P1 and each of the registered 
images R21 to R27 of the registered-people information P2 
based on the registered-people information P1 (S151), and 
counts the number of approximate items (S152). 
0339. That is, the two items of the “lighting condition' and 
the “facial orientation', which are included in the face-infor 
mation data of the registered image R11, are approximate to 
those of the registered image R21. The two items of the 
“lighting condition' and the “facial orientation', which are 
included in the face-information data of the registered image 
R13, are approximate to those of the registered image R22. 
0340. Therefore, the face-information data mutual com 
parison unit 421 outputs the number of approximate items of 
“2 with respect to the registered image R11 and the regis 
tered image R21. The face-information data mutual compari 
son unit 421 also outputs the number of approximate items of 
“2 with respect to the registered image R13 and the regis 
tered image R22. 
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0341 The face-information data mutual comparison unit 
421 outputs the number of approximate items of “1” or less in 
other comparison of the face-information data between the 
registered images. 
0342. The registered image selection information genera 
tion unit 422 generates the selection information including 
the identification information on the registered image accord 
ing to the number of approximate items counted by the face 
information data mutual comparison unit 401 (S153). 
0343. That is, the registered image selection information 
generation unit 422 generates the selection information 
including the pieces of identification information on the reg 
istered images R11, R12, R21, and R22 in each of which the 
number of approximate items of '2' is counted. 
0344) The selection information setting unit 423 stores the 
selection information including the pieces of identification 
information on the registered images R11, R12, R21, and R22 
in the selection information storage unit 23 (S154). There 
fore, the face image registration processing is ended while the 
processing of selecting the registered images by the number 
of selections using face-face-information data is ended. 
0345 Secondly, how the face authentication apparatus 1B 
performs the face image authentication processing under the 
precondition will be described with reference to FIG. 12. 
(0346 Because Steps S20 to S22 in FIG. 12 are already 
described, the description is omitted. 
0347 Subsequent to Step S22, the weighting determina 
tion unit 34A determines the weighting in each registered 
image by comparing the face-information data of the inputted 
image A and the face-information data of the registered image 
(S23A). Because Step 23A is similar to Step S23 in FIG.5, the 
description is omitted. 
0348. As a result, in Step S23A, the weighting determina 
tion unit 34A allocates “0.8 to a weighting W211 of the 
registered image R11, and allocates '0.2 to a weighting 
W213 of the registered image R13. The weighting determi 
nation unit 34A allocates "0.8 to a weighting W221 of the 
registered image R21, and allocates '0.2 to a weighting 
W222 of the registered image R22. 
0349 Then the authentication score calculation unit 35A 
calculates the authentication score by sequentially comparing 
the inputted image A1 to the registered images R11 and R13 
selected with respect to the registered-people information P1 
and the registered images R21 and R22 selected with respect 
to the registered-people information P2 (S24A). Because 
Step 24A is similar to Step S24 in FIG. 5, the description is 
omitted. 

0350. As a result, in Step S24A, the authentication score 
calculation unit 35A calculates that an authentication score 
C211 of the registered image R11 is “800, and calculates that 
an authentication score C213 of the registered image R13 is 
“700'. The authentication score calculation unit 35A calcu 
lates that an authentication score C221 of the registered image 
R21 is "700, and calculates that an authentication score 
C222 of the registered image R22 is “200”. 
0351. The following pieces of processing in Steps S25 and 
S26 are performed as described in FIG. 5. In Step S25, from 
the results in Steps S23A and S24A, the weighted authenti 
cation score calculation unit 36 calculates that a weighted 
authentication score C210 of the registered-people informa 
tion P1 is “780, and calculates that a weighted authentication 
score C220 of the registered image P2 is “600. 
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0352. In Step S26, the authentication result output unit 37 
returns the name “Mr./Ms. A’ of the registered-people infor 
mation P1 from the result in Step S25. 
0353 (Modification) 
0354. A modification of the registered image selection 
unit 42 will be described below with reference to FIGS. 23 
and 24. In the modification, the registered image is ranked 
using the closeness of the face-information data, and the 
registered image is selected based on the ranking. In the 
modification, the functions of the face-information data 
mutual comparison unit 421 and image selection information 
generation unit 422 in FIG. 18 are changed as follows. 
0355 The face-information data mutual comparison unit 
421 outputs the ranking of the closeness of the face-informa 
tion data of the registered image as the comparison result in 
each item. Specifically, the ranking output from the face 
information data mutual comparison unit 421 is the ranking 
of the registered image of another piece of registered people 
information with respect to the registered image of the regis 
tered people information that becomes the reference. 
0356. The ranking technique is similar to that of the modi 
fication of the weighting determination unit 34. In the case 
that the closeness of the face-information data is determined 
to be close between the registered images even if the ranking 
is not performed, the ranking may randomly be performed. 
0357 The registered image selection information genera 
tion unit 422 selects the registered images with respect to the 
reference registered people information and another piece of 
registered people information according to the ranking in 
each item, which is output from the face information data 
mutual comparison unit 421. 
0358 For example, the registered image selection infor 
mation generation unit selects the registered image in the 
following way. The registered image selection information 
generation unit 422 calculates an overall rank in each regis 
tered image of another piece of registered people information 
according to the ranking of each item. 
0359 For example, the registered image selection infor 
mation generation unit 422 calculates the overall rank in the 
following way. The registered image selection information 
generation unit 422 allocates the higher overall rank to the 
registered image having the most firsts in the ranking of each 
item. 
0360 For example, the registered image selection infor 
mation generation unit 422 also calculates the overall rank in 
the following way. The registered image selection informa 
tion generation unit 422 calculates the overall rank based on 
the sum of points, which are allocated according to the rank 
ing of each item. 
0361 Specifically, the registered image selection informa 
tion generation unit 422 adds 10 points when the ranking of 
each item is the first, adds 5 points when the ranking of each 
item is the second, and adds 1 point when the ranking of each 
item is the third. The registered image selection information 
generation unit 422 calculates the overall rank in the descend 
ing order of the added point. 
0362. In this case, it is assumed that the number of regis 
tered images is 10 while the number of items of the face 
information data is 3. When the rankings of the items are the 
first, the tenth, and the tenth in the first registered image, and 
the rankings of the items are the second, the second, and the 
second in the second registered image, the registered image 
selection information generation unit 422 calculates the over 
all rank in the following way. 
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0363 The registered image selection information genera 
tion unit 422 calculates 10 points with respect to the first 
registered image, and calculates 15 points with respect to the 
second registered image. Because the point of the second 
registered image is higher than that of the first registered 
image, the registered image selection information generation 
unit 422 sets the overall rank of the second registered image 
higher than that of the first registered image. 
0364 The registered image selection information genera 
tion unit 422 may allocate the higher overall rank to the 
registered image having the lower Sum of the points. For 
example, the ranking of each item may directly be used as the 
point. That is, in this case, 1 point is added to the registered 
image when the ranking of each item is the first, and 2 points 
are added to the registered image when the ranking is the 
second. 
0365 For example, the registered image selection infor 
mation generation unit 422 selects the registered images hav 
ing the overall ranks from the top to a predetermined rank. 
Alternatively, the registered image selection information gen 
eration unit 422 may select only the registered image in which 
the overall rank is the first. 
0366 A Flow of Processing of Modification 
0367 The detail of the “processing of selecting the regis 
tered images by the number of selections using the face 
information data” performed by the registered image selec 
tion unit 42 of the configuration example will be below with 
reference to FIG. 23. FIG. 23 is a flowchart illustrating the 
detail of “processing of selecting the registered images by the 
number of selections the face-information data'. 
0368. As illustrated in FIG. 23, in the “processing of 
selecting the registered images by the number of selections 
using the face-information data”, the face-information data 
mutual comparison unit 421 compares the face image data 
between the registered image of the registered people infor 
mation that becomes the reference and the registered image of 
another piece of registered people information in each item 
(S151A). 
0369. The face-information data mutual comparison unit 
421 performs the ranking with respect to another piece of 
registered people information in each item according to the 
comparison result (S152A). 
0370. The registered image selection information genera 
tion unit 422 selects the registered images with respect to the 
registered people information that becomes the reference and 
another piece of registered people information according to 
the ranking of each item, and generates the selection infor 
mation including the pieces of identification information on 
the selected registered images (S153A). 
0371. The selection information setting unit 423 registers 
the selection information generated by the registered image 
selection information generation unit 422 in the selection 
information storage unit 23 (S154). 
0372 Working Example of Modification 
0373 A working example of the “processing of selecting 
the registered images by the number of selections using the 
face-information data of the modification will be described 
below with reference to FIG. 24. In the working example, how 
to select the registered image under the following precondi 
tion will be described along the flowchart in FIG. 23. 
0374. As illustrated in FIG. 24, the registered-people 
information P1 and the registered-people information P2 are 
registered in the registered image database 21. Registered 
image R101 and R103 are registered with respect to the 
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registered-people information P1. The registered images 
R201 to R204 are registered with respect to the registered 
people information P2. 
0375. The items of the “facial orientation, the “smile 
intensity', and the "oblique light angle are included in the 
face-information data of the registered image. The continu 
ous value is used in the setting value of the item. FIG. 24 
illustrates the specific setting value of each registered image. 
Because the setting value is already described with reference 
to FIG. 22, the description is omitted. 
0376. In the following example, it is also assumed that “10 
degrees”, “15”, and “110” are set to the items of the “facial 
orientation', the “smile intensity', and the “oblique light 
angle' as the thresholds used by the face-information data 
mutual comparison unit 421. 
0377 Under the precondition, the registered image selec 
tion unit 42 performs the “processing of selecting the regis 
tered images by the number of selections using the face 
information data'. 

0378. The face-information data mutual comparison unit 
421 compares the face-information data between the regis 
tered images R101 and R103 of the registered-people infor 
mation P1 that becomes the reference and the registered 
images R201 to R204 of the registered-people information P2 
in each item (S151). 
0379 That is, the face-information data mutual compari 
son unit 421 compares the face-information data of the reg 
istered image R101 to the face-information data of each of the 
registered images R201 to R204. The same holds true for the 
registered image R103. 
0380. The face-information data mutual comparison unit 
421 ranks the registered images of the registered-people 
information P2 in each item according to the comparison 
result (S152A). 
0381. The ranking in the comparison to the registered 
image R101 will be described below. The “facial orientation' 
and the “oblique light angle' of the registered image R201 
agree with those of the registered image R101, and the “smile 
intensity' has the difference of '10'. Therefore, in the com 
parison to the registered image R101, the “facial orientation 
and the “oblique light angle' of registered image R201 are 
ranked as the first. The “smile intensity’ of the registered 
image R201 is ranked as the second. 
0382. The ranking in the comparison to the registered 
image R103 will be described below. The “facial orientation” 
and the “oblique light angle' of the registered image R203 
agree with those of the registered image R103, and the “smile 
intensity' has the difference of '10'. Therefore, in the com 
parison to the registered image R103, each item of the regis 
tered image R203 is ranked as the first. 
0383. The registered image selection information genera 
tion unit 422 selects the registered images with respect to the 
registered-people information P1 and the registered-people 
information P2 according to the ranking of each item, and 
generates the selection information including the pieces of 
identification information on the selected registered images 
(S153A). 
0384 At this point, the overall rank is calculated with 
respect to the registered images of the registered-people 
information P2, and the registered image is selected based on 
the overall rank. That is, in the comparison to the registered 
image R101, the highest overall rank is allocated to the reg 
istered image R201 including the most firsts. In the compari 
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son to the registered image R103, the highest overall rank is 
allocated to the registered image R203 including the most 
firsts. 
0385. Therefore, the registered image selection informa 
tion generation unit 422 selects the registered images R101 
and R103 with respect to the registered-registered-people 
information P1 that becomes the reference. The registered 
image selection information generation unit 422 selects the 
registered images R201 and R203 with respect to the regis 
tered-people information P2 based on the overall rank. 
0386. As a result, the registered image selection informa 
tion generation unit 422 generates the selection information 
including the pieces of identification information on the reg 
istered images R101, R103, R201, and R203. 
0387. The selection information setting unit 423 registers 
the selection information including the pieces of identifica 
tion information on the registered images R101, R103, R201 
and R203 in the selection information storage unit 154). 
0388 Disclosed is an image authentication method for 
authenticating an object photographed in an inputted image 
by checking the inputted image in a registered image data 
base, the image authentication method includes: an inputted 
image photographing condition acquisition step of acquiring 
the photographing condition relating to the object of the 
inputted image; a registered image photographing condition 
acquisition step of acquiring the photographing condition of 
the registered image by referring to the registered image 
database, which a registered image obtained by photograph 
ing the object and a photographing condition with respect to 
the object of the registered image are stored while correlated 
with each other; a weighting step of determining correspond 
ing to closeness between the photographing condition of the 
registered image and the photographing condition of the 
inputted image; a similarity calculation step of calculating a 
degree of similarity between the inputted image and the reg 
istered image; a weighting application step of the degree of 
similarity calculated by the similarity calculation step to the 
weighting determined with respect to the corresponding reg 
istered image; and image authentication step of checking the 
inputted image based on the degree similarity to which the 
weighting is applied. 
0389. As used herein, checking the inputted image in the 
registered image database means processing of specifying 
which one of the objects registered in the registered image 
database is included in the inputted image by determining the 
degree of similarity between the inputted image and the reg 
istered image or processing of selecting a candidate specify 
ing the inputted image. 
0390 For example, the degree of similarity means what is 
called an authentication score that is obtained by comparing a 
feature quantity extracted from the inputted image and a 
feature quantity extracted from the registered image. 
0391 The object means a body, such as a person and a 
vehicle, in which a pattern may be recognized. The object 
may be part of a certain object. For example, when the object 
is a person, the face of the person may be cited as an example 
of part of a certain object. 
0392 According to the configuration, the photographing 
condition of the inputted image is acquired, and the photo 
graphing condition of the registered image is acquired from 
the registered image database. 
0393 As used herein, the photographing condition relates 
to the object, and means an environment or a state in photo 
graphing the object. The photographing condition in photo 
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graphing the object includes a condition relating to the envi 
ronment during the photographing and a condition relating to 
the state of the object that becomes a subject. 
0394. In the case that the object is the person, a facial 
orientation of the person, namely, an orientation of photo 
graphing means such as a camera with respect to the person 
may be cited as an example of the condition relating to the 
environment during the photographing. A facial expression, 
orientation/intensity of lighting, a degree of oblique light, and 
a degree of shade may also be cited as the condition relating 
to the environment during the photographing. 
0395 Conditions, such as an estimated age and a sex of the 
person, which may be estimated from an exterior of the per 
son, may be cited as the condition relating to the state of the 
person that becomes the Subject. 
0396 The photographing condition may take a continuous 
value with predetermined accuracy or may be a classification 
indicating which categorized condition the photographing 
condition belongs to. 
0397. A photographing angle of the object may be cited as 
an example of the continuous value. For example, the angle of 
the facial orientation may be cited in the case that the object 
is the person. In this case, the angle may be an integral value. 
In the case that the integral value of the angle is used as the 
photographing condition, actually the value may be set with 
accuracy of “each 5 degrees”, or discrete values such as “15 
degrees, 20 degrees, 25 degrees. . . . . may be set. Alterna 
tively, the angle may have the accuracy of the number of 
decimal places. 
0398. In the case that the object is the person, the sex of the 
person and a rough orientation of the face may be cited as an 
example of the classification. The rough orientation of the 
face means the classification indicating the front view, the 
view facing right, or the view facing left. 
0399. The photographing condition may be extracted from 
the image in which the object is photographed by a well 
known algorithm, or manually be input. 
0400. In the configuration, for example, the weighting is 
determined based on the closeness between the photograph 
ing condition of the registered image and the photographing 
condition of the inputted image. The closeness of the photo 
graphing condition means the closeness of the angle in the 
case of the angle of the facial orientation of the person. The 
closeness of the photographing condition may previously be 
defined in the case of the rough orientation of the face. For 
example, a relationship between the right view and the front 
view may be defined to be closer than a relationship between 
the left view and the right view. 
04.01. In the configuration, the photographing condition of 
the registered image is acquired to calculate the weighting 
and the degree of similarity in each object. The weighting is 
applied to the degree of similarity of the registered image to 
perform the checking in the registered image database. 
0402. During the checking, the weighting emphasizes the 
registered image having the photographing condition closer 
to the photographing condition of the inputted image. On the 
other hand, during the checking, the weighting weakens an 
influence on the registered image having the photographing 
condition farther from the photographing condition of the 
inputted image. 
0403. As a result, the possibility of falsely recognizing the 
object photographed on a certain photographing condition as 
another object due to the existence of the registered image, 
which is registered with respect to the object photographed on 
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the photographing condition identical or similar to the certain 
photographing condition, may be reduced. 
0404 From the other view point, the possibility of incor 
rectly performing the authentication due to the difference 
between the photographing condition of the inputted image 
and the photographing condition of the registered image even 
if the object of the inputted image is identical to the object of 
the registered image may be reduced. 
0405. In the image authentication apparatus of the present 
invention, preferably plurality of registered images obtained 
by photographing the object are in the registered image data 
base with respect to at least one object. 
0406. In the configuration, the plurality of registered 
images obtained by photographing the objectare registered in 
the registered image database with respect to at least one 
object. That is, there are a plurality of registrations in each of 
which the registered image and the photographing condition 
relating to the object of the registered image are correlated 
with each other with respect to at least one object. 
0407. Therefore, for example, the weighting is determined 
with respect to the plurality of registered images. For 
example, the degree of similarity is calculated in each regis 
tered image. The checking is performed based on the degree 
of similarity to which the weighting is applied. 
0408. At this point, the degree of similarity used in the 
checking may be calculated by adding the degree of similarity 
to which the weighting is applied. A total value of 1 may be 
used in the weighting applied to each registered image. That 
is, the degree of similarity used in the checking may be 
calculated by weighted mean. 
0409 According to the configuration, checking accuracy 
may be improved with respect to a certain object in the case 
that the different photographing conditions are registered 
together with the registered image. 
0410 Preferably the image authentication apparatus of the 
present invention further includes selection means for select 
ing the registered image to which the weighting should be 
applied from the plurality of registered images, which are 
registered with respect to each object according to photo 
graphing condition closeness that is of the closeness between 
the photographing condition of the registered image regis 
tered with respect to one object and the photographing con 
dition of the registered image registered with respect to 
another object, wherein the weighting application means 
applies the weighting to the degree of similarity that is cal 
culated with respect to the registered image selected by the 
selection means. 
0411. According to the configuration, the weighting is 
applied to the degree of similarity, which is calculated with 
respect to the registered image selected according to the pho 
tographing condition closeness. The number of selected reg 
istered images may depend on the object, or be identical 
among the objects. 
0412. As used herein, from the other viewpoint, the selec 
tion of the registered image means that the degree of similar 
ity calculated with respect to the selected registered image is 
used in the checking. In other words, the degree of similarity 
calculated with respect to the non-selected registered image is 
ignored in the checking. 
0413. Therefore, for example, “the selection of the regis 
tered image' includes a non-zero value of a coefficient of the 
weighting, which is applied to the degree similarity calcu 
lated with respect to the registered image. For example, “the 
non-selection of the registered image' includes a Zero value 
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of the coefficient of the weighting, which is applied to the 
degree of similarity calculated with respect to the registered 
image. 
0414. In the checking of the inputted image, the photo 
graphing conditions of the registered images used in the 
checking may be adjusted to some extent among the objects. 
0415. As a result, the false recognition of the identical 
object as the different object or the false recognition of the 
different object as the identical object due to the difference of 
the photographing condition may be prevented. 
0416. In the image authentication apparatus of the present 
invention, preferably the selection means selects the identical 
number of registered images with respect to each object. 
0417. According to the configuration, the numbers of 
selected registered images may be equalized to each other in 
the objects. For example, the number of selections may be 
equalized to the Smallest number of registered images of the 
object. The number of selections is one in the case of the 
object in which only one registered image is registered. 
0418. At least one registered image is selected in each 
object. 
0419. Therefore, the object, which has the small number 
of registered images in which the photographing condition of 
the registered image is at least a predetermined distance away 
from the photographing condition of the inputted image may 
be prevented from dropping off from the checking target. 
0420 Preferably the image authentication apparatus of the 
present invention further includes: photographing condition 
approximation determination means for determining whether 
the photographing condition of the registered image regis 
tered with respect to one object is approximate to the photo 
graphing condition of the registered image registered with 
respect to another object; and photographing condition close 
ness calculation means for calculating the photographing 
condition closeness according to the number of times in each 
of which the photographing condition approximation deter 
mination means determines that the photographing condition 
of the registered image registered with respect to one object is 
approximate to the photographing condition of the registered 
image registered with respect to another object. 
0421. In the configuration, whether the photographing 
condition of the registered image registered with respect to 
one object is approximate to the photographing condition of 
the registered image registered with respect to another object 
is determined. The number in which the photographing con 
ditions are determined to be approximate to each other is 
counted to be able to specifically calculate the photographing 
condition closeness. 
0422 AS described above, sometimes the photographing 
condition includes a plurality of conditions such as the facial 
expression, the orientation/intensity of lighting, the degree of 
oblique light, and the degree of shade. 
0423. According to the configuration, for example, even if 
the photographing condition includes the plurality of condi 
tions, the photographing condition closeness between the 
registered images may specifically be calculated according to 
the counted number. 
0424. In the case that the photographing condition 
includes the plurality of conditions, for example, in the case 
that the number of conditions determined to be approximate 
to each other is increased, a value indicating that the photo 
graphing conditions are closer to each other may be calcu 
lated. The configuration includes a configuration in which the 
photographing condition is used as the selection target of the 



US 2013/0329.970 A1 

selection means when all the conditions included in the pho 
tographing condition are approximate to one another. 
0425 The configuration and a configuration in which data 
sorting processing is performed in order to perform the rank 
ing in each condition are compared as follows. 
0426 In the configuration in which the Sorting processing 

is performed, it is assumed that a large part of an electronic 
calculator resource is used in the sorting processing when the 
image authentication apparatus is considered as the electronic 
calculator. On the other hand, in the configuration, only the 
determination result is counted, so that the electronic calcu 
lator resource used in the Sorting processing may be reduced. 
0427 Preferably the image authentication apparatus of the 
present invention further includes: registration condition 
ranking means for ranking the closeness between the photo 
graphing condition of the registered image registered with 
respect to one object is approximate to the photographing 
condition of the registered image registered with respect to 
another object; and photographing condition closeness cal 
culation means for calculating the photographing condition 
closeness according to the ranking performed by the registra 
tion condition ranking means. 
0428. In the configuration, the closeness between the pho 
tographing condition of the registered image registered with 
respect to one object and the photographing condition of the 
registered image registered with respect to another object is 
ranked. The specific photographing condition closeness may 
be calculated according to the ranking of the closeness. 
0429. According to the configuration, for example, even if 
the photographing condition includes the plurality of condi 
tions, the photographing condition ranking between the reg 
istered images may specifically be defined. In Such cases, the 
photographing condition closeness is calculated according to 
the ranking defined in each condition. For example, it is 
calculated that the photographing conditions including more 
higher-ranked conditions are approximate to each other in the 
photographing condition closeness. The configuration 
includes a configuration in which the photographing condi 
tion including more highest-ranked conditions is used as the 
selection target of the selection means. 
0430 Preferably the image authentication apparatus of the 
present invention further includes: input condition determi 
nation means for determining whether the photographing 
condition of the inputted image is approximate to the photo 
graphing condition of the registered image; and closeness 
calculation means for calculating the closeness between the 
photographing condition of the inputted image and the pho 
tographing condition of the registered image according to the 
number of times in each of which the photographing condi 
tion of the inputted image is approximate to the photograph 
ing condition of the registered image, wherein the weighting 
determination means determines the weighting according to 
the closeness calculated by the closeness calculation means. 
0431. In the configuration, whether the photographing 
condition of the inputted image is approximate to the photo 
graphing condition of the registered image is determined. The 
number in which the photographing conditions are deter 
mined to be approximate to each other is counted to be able to 
specifically calculate the closeness between the photograph 
ing condition of the inputted image and the photographing 
condition of the registered image. 
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0432. According to the configuration, for example, even if 
the photographing condition includes the plurality of condi 
tions, the closeness may specifically be calculated according 
to the counted number. 
0433. In the case that the photographing condition 
includes the plurality of conditions, for example, in the case 
that the number of conditions determined to be approximate 
to each other is increased, the value indicating that the pho 
tographing conditions are closer to each other may be calcu 
lated. 
0434. The configuration and the configuration in which 
the data sorting processing is performed in order to perform 
the ranking in each condition are compared as follows. 
0435. In the configuration in which the sorting processing 

is performed, it is assumed that a large part of an electronic 
calculator resource is used in the Sorting processing when the 
image authentication apparatus is considered as the electronic 
calculator. On the other hand, in the configuration, only the 
determination result is counted, so that the electronic calcu 
lator resource used in the sorting processing may be reduced. 
0436 Preferably the image authentication apparatus of the 
present invention further includes: input condition ranking 
means for ranking the closeness between the photographing 
condition of the inputted image and the photographing con 
dition of the registered image; and closeness calculation 
means for calculating the closeness between the photograph 
ing condition of the inputted image and the photographing 
condition of the registered image according to the ranking 
performed by the input condition ranking means, wherein the 
weighting determination means determines the weighting 
according to the closeness calculated by the closeness calcu 
lation means. 
0437. In the configuration, the closeness between the pho 
tographing condition of the inputted image and the photo 
graphing condition of the registered image is ranked. In the 
configuration, the closeness between the photographing con 
dition of the inputted image and the photographing condition 
of the image is specifically calculated according to the rank 
1ng. 
0438 According to the configuration, for example, even if 
the photographing condition includes the plurality of condi 
tions, the photographing condition ranking between the reg 
istered images may specifically be defined. In Such cases, the 
photographing condition closeness is calculated according to 
the ranking defined in each condition. For example, it is 
calculated that the photographing conditions including more 
higher-ranked conditions are approximate to each other in the 
photographing condition closeness. The configuration 
includes a configuration in which the photographing condi 
tion including more highest-ranked conditions is used as the 
selection target of the selection means. 
0439. In the image authentication apparatus of the present 
invention, preferably the photographing condition of the reg 
istered image includes a plurality of conditions. 
0440 According to the configuration, the approximation 
determination or the ranking is performed to the plurality of 
conditions included in the photographing condition. The 
closeness or the photographing condition closeness is calcu 
lated based on the approximation determination or the rank 
ing. The closeness is calculated from the plurality of condi 
tions, so that the accuracy of the calculated closeness may be 
improved. 
0441. In the image authentication apparatus of the present 
invention, preferably the object is a face of a person. 
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0442. That is, in the configuration, the inputted image is 
the face image in which the face of the person is photo 
graphed, and the face image obtained by photographing the 
face of the people in each person is registered in the registered 
image database. 
0443). According to the configuration, advantageously the 
face of the people may be checked with high accuracy. 
0444 An image processing system includes: the image 
authentication apparatus; and an image input apparatus that 
supplies the inputted image to the image authentication appa 
ratuS. 

0445) A printer, a scanner, a personal computer, and a 
digital camera, which process the digital image, may be cited 
as an example of the image processing system. The image 
authentication apparatus and the image input apparatus may 
be connected to each other through a communication net 
work. 
0446. Additionally, the image authentication apparatus 
may be implemented by a computer. In this case, a control 
program for image authentication apparatus, which causes a 
computer to implement the image authentication apparatus 
by operating the computer as each means, and a non-transi 
tory computer-recording medium which records the program 
are also included in the present invention. 

CONCLUSION 

0447. The present invention is not limited to the embodi 
ments, but various changes may be made without departing 
from the scope of the present invention. That is, an embodi 
ment obtained by a combination of technical means disclosed 
in different embodiments is also included in the technical 
scope of the present invention. 
0448. Each block of the face authentication apparatuses 1, 
1A, and 1B, particularly the image acquisition unit 31, the 
face feature data extraction unit 32, the face-information data 
estimation unit 33, the weighting determination units 34 and 
34A, the authentication score calculation units 35 and 35A, 
the weighted authentication score calculation unit 36, the 
authentication result output unit 37, the registered image 
selection units 40 and 42, and the selection-number setting 
unit 41 may be constructed by a hardware logic, or by soft 
ware using a CPU as follows. 
0449 That is, the face authentication apparatuses 1, 1A, 
and 1B include the that executes a command of the control 
program implementing each function, ROM (Read Only 
Memory) in which the control program is stored, the RAM 
(Random Access Memory) in which the control program is 
expanded, and the storage device (the recording medium). 
such as a memory, in which the control program and various 
pieces of data are stored. The object of the present invention 
may also be achieved in a manner such that the recording 
medium in which a program code (an executable format 
program, an intermediate code program, a source program) of 
the control program for the face authentication apparatuses 1, 
1A, and 1B, which are of the software implementing the 
above functions, is stored while being readable by a computer 
is supplied to the face authentication apparatuses 1, 1A, and 
1B, and such that the computer (or the CPU oran MPU) reads 
and executes the program code recorded in the medium. 
0450 Examples of the recording medium include tape 
systems such as a magnetic tape and a cassette tape, disk 
systems including magnetic disks such as a floppy disk (reg 
istered trademark) and a hard disk and optical disks such as a 
CD-ROM, an MO an MD, a DVD, and a CD-R, Blu-ray disk 
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(registered trademark), card systems such as an IC card (in 
cluding a memory card) and an optical card, and semiconduc 
tor memory systems such as a mask ROM, an EPROM, an 
EEPROM and a flash ROM. 
0451. The face authentication apparatuses 1, 1A, and 1B 
may be configured to able to be connected to a communica 
tion network, and the program code may supplied through the 
communication network. There is no particular limitation to 
the communication network. Examples of the communica 
tion network include the Internet, an intranet, an extranet, a 
LAN, an ISDN, a VAN, a CATV communication network, a 
virtual private network, a telephone line network, a mobile 
communication network, and a satellite communication net 
work. There is no particular limitation to a transmission 
medium constituting the communication network. Examples 
of the transmission medium include wired lines, such as IEEE 
1394, a USB, a power-line carrier, a cable TV line, a tele 
phone line, and an ADSL line, and wireless lines, such as 
infrared rays, such as IrDA and a remote controller, Bluetooth 
(registered trademark), 802.11 wireless, HDR, a mobile 
phone network, a satellite line, and a terrestrial digital net 
work. The present invention may be implemented by a mode 
of a computer data signal buried in a carrier wave, and the 
computer data signal is one in the program code is embodied 
by electronic transmission. 

INDUSTRIAL APPLICABILITY 

0452. Because the present invention may be used in the 
authentication of the object included in the image, the present 
invention may be suitably applied to digital image devices 
constructed by a printer, a scanner, a personal computer, and 
the like, digital cameras, and security systems. 

DESCRIPTION OF SYMBOLS 

0453 1,1A, 1B Face authentication apparatus (image 
authentication apparatus) 

0454) 5 Image input apparatus 
0455 20 Storage unit 
0456 21 Registered image database 
0457 22 Weighting data storage unit 
0458 23 Selection information storage unit 
0459 30 Control unit 
0460 31 Image acquisition unit 
0461) 32 Face feature data extraction unit 
0462 33 Face-information data estimation unit (input 
ted image photographing condition acquisition means 
and registered image photographing condition acquisi 
tion means) 

0463 34,34A Weighting determination unit (weighting 
determination means) 

0464 341 Face-information data comparison unit (in 
put condition determination means, input condition 
ranking means, and closeness calculation means) 

0465 342 Weighting calculation unit (weighting deter 
mination means) 

0466 343 Weighting output unit 
0467 35,35A Authentication score calculation unit 
(similarity calculation means) 

0468. 36 Weighted authentication score calculation unit 
(weighting application means) 

0469 37 Authentication result output unit (image 
authentication means) 
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0470 40 Registered image selection unit (selection 
means) 

0471 100 Face authentication system 
0472. 401 Face-information data mutual comparison 
unit (photographing condition approximation determi 
nation means and registration condition ranking means) 

0473 402 Reference registered image selection unit 
(photographing condition closeness calculation means) 

0474 403 Stranger registered image selection unit 
(photographing condition closeness calculation means) 

0475 404 Selection information setting unit 
0476 41 Selection-number setting unit (selection 
means) 

0477 42 Registered image selection unit (selection 
means) 

0478 421 Face-information data mutual comparison 
unit (condition mutual determination means, mutual 
approximation number counting means, and mutual 
ranking means) 

0479. 422 Registered image selection information gen 
eration unit (photographing condition closeness mutual 
calculation means) 

0480. 423 Selection information setting unit 
0481 A1 Inputted image 
0482 P Registered people information 
0483 R Registered image 
1. An image authentication apparatus for authenticating an 

object photographed in an inputted image by checking the 
inputted image in a registered image database, 

a registered image obtained by photographing the object 
and a photographing condition relating to the object of 
the registered image being registered in the registered 
image database while correlated with each other, the 
image authentication apparatus comprising: 

an inputted image photographing condition acquisition 
unit configured to acquire a photographing condition 
relating to the object of the inputted image: 

a registered image photographing condition acquisition 
unit configured to acquire the photographing condition 
of the registered image stored in the registered image 
database; 

a weighting determination unit configured to determine 
weighting corresponding to closeness between the pho 
tographing condition of the registered image and the 
photographing condition of the inputted image; 

a similarity calculation unit configured to calculate a 
degree of similarity between the inputted image and the 
registered image: 

a weighting application unit configured to apply the degree 
of similarity calculated by the similarity calculation unit 
to the weighting determined with respect to the corre 
sponding registered image; and 

an image authentication unit configured to check the input 
ted image based on the degree of similarity to which the 
weighting is applied. 

2. The image authentication apparatus according to claim 
1, wherein a plurality of registered images obtained by pho 
tographing the object are registered in the registered image 
database with respect to at least one object. 

3. The image authentication apparatus according to claim 
2, further comprising a selection unit configured to select the 
registered image to which the weighting is applied from the 
plurality of registered images which are registered with 
respect to each object according to photographing condition 
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closeness that is the closeness between the photographing 
condition of the registered image registered with respect to 
one object and the photographing condition of the registered 
image registered with respect to another object, 

wherein the weighting application unit is configured to 
apply the weighting to the degree of similarity that is 
calculated with respect to the registered image selected 
by the selection unit. 

4. The image authentication apparatus according to claim 
3, wherein the selection unit is configured to selects the iden 
tical number of registered images with respect to each object. 

5. The image authentication apparatus according to claim 
3, further comprising: a photographing condition approxima 
tion determination unit configured to determine whether the 
photographing condition of the registered image registered 
with respect to one object is approximate to the photograph 
ing condition of the registered image registered with respect 
to another object; and 

a photographing condition closeness calculation unit for 
configured to calculate the photographing condition 
closeness according to the number of times in each of 
which the photographing condition approximation 
determination unit determines that the photographing 
condition of the registered image registered with respect 
to one object is approximate to the photographing con 
dition of the registered image registered with respect to 
another object. 

6. The image authentication apparatus according to claim 
3, further comprising: a registration condition ranking unit 
configured to rank the closeness between the photographing 
condition of the registered image registered with respect to 
one object is approximate to the photographing condition of 
the registered image registered with respect to another object; 
and 

a photographing condition closeness calculation unit con 
figured to calculate the photographing condition close 
ness according to the ranking performed by the registra 
tion condition ranking unit. 

7. The image authentication apparatus according to claim 
2, further comprising: an input condition determination unit 
configured to determine whether the photographing condi 
tion of the inputted image is approximate to the photograph 
ing condition of the registered image; and 

a closeness calculation unit configured to calculate the 
closeness between the photographing condition of the 
inputted image and the photographing condition of the 
registered image according to the number of times in 
each of which the photographing condition of the input 
tedimage is approximate to the photographing condition 
of the registered image, 

wherein the weighting determination unit is configured to 
determines the weighting according to the closeness 
calculated by the closeness calculation unit. 

8. The image authentication apparatus according to claim 
2, further comprising: an input condition ranking unit config 
ured to rank the closeness between the photographing condi 
tion of the inputted image and the photographing condition of 
the registered image; and 

a closeness calculation unit configured to calculate the 
closeness between the photographing condition of the 
inputted image and the photographing condition of the 
registered image according to the ranking performed by 
the input condition ranking unit, 
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wherein the weighting determination unit is configured to 
determine the weighting according to the closeness cal 
culated by the closeness calculation unit. 

9. The image authentication apparatus according to claim 
5, wherein the photographing condition of the registered 
image includes a plurality of conditions. 

10. The image authentication apparatus according to claim 
1, wherein the object is a face of a person. 

11. An image processing system comprising: 
an image authentication apparatus for authenticating an 

object photographed in an inputted image by checking 
the inputted image in a registered image database, a 
registered image obtained by photographing the object 
and a photographing condition relating to the object of 
the registered image being registered in the registered 
image database while correlated with each other, the 
image authentication apparatus comprising: 
an inputted image photographing condition acquisition 

unit configured to acquire the photographing condi 
tion relating to the object of the inputted image: 

an registered image photographing condition acquisi 
tion unit configured to acquire a photographing con 
dition of the registered image stored in the registered 
image database; 

an weighting determination unit configured to deter 
mine weighting corresponding to closeness between 
the photographing condition of the registered image 
and the photographing condition of the inputted 
image: 

a similarity calculation unit configured to calculate a 
degree of similarity between the inputted image and 
the registered image; 

an weighting application unit configured to apply the 
degree of similarity calculated by the similarity cal 
culation unit to the weighting determined with respect 
to the corresponding registered image; and 

an image authentication unit configured to check the 
inputted image based on the degree of similarity to 
which the weighting is applied; 

and 
an image input apparatus configured supply the inputted 

image to the image authentication apparatus. 
12. (canceled) 
13. (canceled) 
14. An image authentication method for authenticating an 

object photographed in an inputted image by checking the 
inputted image in a registered image database, the image 
authentication method comprising: 

an inputted image photographing condition acquisition 
step of acquiring the photographing condition relating to 
the object of the inputted image: 

a registered image photographing condition acquisition 
step of acquiring the photographing condition of the 
registered image by referring to the registered image 
database, in which a registered image obtained by pho 
tographing the object and a photographing condition 
with respect to the object of the registered image are 
stored while correlated with each other; 

a weighting step of determining weighting corresponding 
to closeness between the photographing condition of the 
registered image and the photographing condition of the 
inputted image; 
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a similarity calculation step of calculating a degree of 
similarity between the inputted image and the registered 
image; 

a weighting application step of applying the degree of 
similarity calculated by the similarity calculation step to 
the weighting determined with respect to the corre 
sponding registered image; and 

an image authentication step of checking the inputted 
image based on the degree of similarity to which the 
weighting is applied. 

15. The image authentication apparatus according to claim 
4, further comprising: 

a photographing condition approximation determination 
unit configured to determine whether the photographing 
condition of the registered image registered with respect 
to one object is approximate to the photographing con 
dition of the registered image registered with respect to 
another object; and 

a photographing condition closeness calculation unit con 
figured to calculate the photographing condition close 
ness according to the number of times in each of which 
the photographing condition approximation determina 
tion unit determines that the photographing condition of 
the registered image registered with respect to one object 
is approximate to the photographing condition of the 
registered image registered with respect to another 
object. 

16. The image authentication apparatus according to claim 
4, further comprising: a registration condition ranking unit 
configured to rank the closeness between the photographing 
condition of the registered image registered with respect to 
one object is approximate to the photographing condition of 
the registered image registered with respect to another object; 
and 

a photographing condition closeness calculation unit con 
figured to calculate the photographing condition close 
ness according to the ranking performed by the registra 
tion condition ranking unit. 

17. A computer-readable medium having Stored thereon, a 
control program including instructions which when executed 
on a computer, causes the computer to execute all the steps of 
image authentication method according to claim 14. 

18. The image processing system according to claim 11, 
wherein a plurality of registered images obtained by photo 
graphing the object are registered in the registered image 
database with respect to at least one object. 

19. The image processing system according to claim 18, 
wherein the image authentication apparatus further com 
prises: 

a selection unit configured to select the registered image to 
which the weighting is applied from the plurality of 
registered images which are registered with respect to 
each object according to photographing condition close 
ness that is the closeness between the photographing 
condition of the registered image registered with respect 
to one object and the photographing condition of the 
registered image registered with respect to another 
object, 

wherein the weighting application unit is configured to 
apply the weighting to the degree of similarity that is 
calculated with respect to the registered image selected 
by the selection unit. 
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20. The image processing system according to claim 19, 
wherein the selection unit is configured to select the identical 
number of registered images with respect to each object. 
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